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GENERAL INTRODUCTION 
The current interest in restoring wetlands is an outgrowth of the belated recognition of the societal 
benefits of having wetlands in the landscape. Restored wetlands are expected to improve water quality, 
increase waterfowl populations, and sustain biodiversity, among other functions. The willingness to commit 
significant public fimds for voluntary restorations are based on these expectations being met. Yet, few 
attempts have been made to evaluate the success of restored wetlands (NRC, 1992). 
Restorations have been conducted since the 1940's (Suring and Knighton, 1985). The Federal Aid in 
Wildlife Restoration Act of 1937 spurred the restoration of drained peatlands in the northeastern United States. 
The basic techniques of constructing impoundments were pioneered in the 1940s and 1950s (e.g., AFC, 1957). 
Problems of sustaining emergent vegetation in these restored wetlands led to a series of studies in the late 
1950's and early 1960's to improve restoration design. These studies showed the importance of mimicking 
natural water fluctuations by conducting drawdowns, and consequently, the need for water control structures 
(Harris and Marshall, 1963; Kadlec, 1962). 
Recent restorations are being conducted in landscapes considerably more iragmented and altered than 
those of fifty years ago. New techniques are being tried to re-establish wetland hydrology, control 
contaminants and re-establish plants and animals in these highly disturbed areas (NRC, 1992). In spite of 
these attempts, observations of wetlands restored nationwide suggest that projects often fail: appropriate 
hydrology is not reestablished because of lowered regional water tables, soils do not re-assume pre-drainage 
physical and chemical characteristics (particularly peaty and saline soils), plant materials do not survive 
transplanting because of a lack of understanding of propagation requirements, and aggressive weeds exclude 
desirable plants (Kusler and Kentula, 1989). Most of these problems have been identified while restoring 
wetlands as part of mitigation efforts. Virtually no attempt has been made to consider these issues in a 
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scientific framework and to work toward solutions. Although the National Research Council (NRC, 1992) 
asserted that the major impediments to wetland restorations in agricultural areas are "more often legal, 
institutional, and financial rather than technical," significant technical hurdles remain including reestablishing 
suitable wetland hydrology and wetland vegetation. 
Even when the basic characteristics of wetlands can be restored, the appropriate test of a restoration's 
success is how well it fimctions as a wetland . The wetlands protection goal of the National Wetlands Policy 
Forum (Conservation Foundation, 1988) is to "achieve no net loss of the nation's remaining wetland base, as 
defined by acreage and function, and to restore and create wetlands, where feasible to increase the quality and 
quantity of the nation's wetland base." The recognition that the fimctioning of wetlands is as important as 
their acreage is a significant milestone in the development of national wetland policy. Unfortunately, restored 
wetlands,have not been shown to provide the functions, such as the maintenance of biodiversity, improvement 
of water quality, and habitat for wildlife, normally associated with natural wetlands (Zedler and Weller, 1989). 
For example, an intertidal salt marsh in the Sweetwater Marsh National Wildlife Refuge in southern California 
was restored in 1985 to sustain populations of three endangered species, the light-footed clapper rail (Rallus 
longirostris levipes), the California least tern {Sterna antillantm), and the salt marsh bird's beak (Cordylanthus 
maritimus ssp. martimus). Studies of the restored marsh initiated three years later showed that the site lacked 
an adequate invertebrate food base and vegetative cover to support the endangered birds (Rutherford, 1989; 
Langis et al,, 1991). Invertebrate and plant production are likely limited by nitrogen and organic carbon 
(PERL, 1990). 
Numerous, high quality restorations have been reported from the midcontinental prairie pothole 
region (NRC, 1992). Several thousand wetlands have been restored since 1987 under the Conservation 
Reserve Program (CRP) established by the 1985 Food Security Act and state programs such as Reinvest in 
Minnesota (RIM). The large number of recently restored prairie wetlands makes it possible to conduct a 
comprehensive evaluation of the success of these wetland restorations. The primary objectives of this 
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dissertation are to describe the characteristics of restored wetlands assumed to be relevant to wetland function, 
to assess how site selection and design have influenced restoration success, and to determine if restored 
wetlands are revegetating to resemble natural wetlands. Wetlands included in the studies are within the 
southern prairie pothole region, the portion of the glaciated midcontinent with udolls (grassland soils formed 
under a mesic, temperate climate regime). Practically speaking, this is the part of the prairie pothole region 
where most of the land is in com and soybean production. 
Restored wetlands that are comparable to natural wetlands will be most likely to function like natural 
wetlands. No information had been compiled to show how closely restored wetlands resemble natural 
wetlands. Records of 1,892 restorations were reviewed to determine the kinds, sizes, geographic distribution, 
and general construction features of these wetlands. The potential of restored wetlands to reduce pollutants 
and to provide wildlife habitat was further studied by characterizing the vegetation, water regime, and basin 
morphometry of 62 basins restored in 1988. The results of these studies are in Part I, "An Evaluation of 
Wetlands Restored in the Prairie Pothole Region." 
Wetland vegetation of restored wetlands in the region has been reported to quickly re-establish and 
resemble that of natural wetlands within a few years (Madsen, 1988; LaGrange and Dinsmore, 1989; Sewell 
and Higgins, 1991). Seedbanks are often assumed to be the source of colonizing plants. However, Wienhold 
and van der Valk (1989) found that seedbank density and richness declined with duration of drainage. Since 
drainage began in the early 1900s, many restored wetlands probably have minimal wetland seedbanks. Initial 
re-establishment of wetland vegetation should be from seedbanks and/or réfugiai populations of species that 
survived drainage and cultivation (Wienhold and van der Valk, 1989). The vegetation of 62 wetlands restored 
in 1988 was sampled for three years (1989-1991) to determine its composition and the importance of 
environmental and historical factors in their revegetation. Part II, "Recolonization of Recently Restored 
Prairie Glacial Marshes," describes this study. 
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The vegetation composition of restored wetlands had not been compared to that of natural wetlands in 
past studies (LaGrange and Dinsmore, 1989; Sewell and Higgins, 1991). The vegetation of ten restored 
wetlands flooded for three years was compared to ten similar, natural wetlands. Seedbanks, floristic 
composition, vegetation patterns, and emergent shoot densities of restored and natural wetlands were compared 
in Part III, "Comparison of the Vegetation of Restored and Natural Prairie Wetlands." 
Explanation of the Dissertation Format 
Each of the three papers in the dissertation will be submitted for publication to a refereed journal in 
ecology. Each paper's style follows that of the journal to which it will be submitted. In Paper I, the 
characteristics of wetland restorations known to be important for wildlife and water quality functions are 
described. The importance of environmental and historical factors to the recolonization of vegetation are 
evaluated in Paper II. Paper III is a comparison of the vegetation of natural and restored wetlands. A general 
summary and references cited in the general introduction and general summary included after the three 
papers. 
I have written the entire dissertation and created the ftgures. The objectives of Papers I and II were 
conceived by me; Dr. Arnold van der Valk suggested the study described in Paper III. I collected all of the 
information presented in the three parts of the dissertation. The ideas conceived in all parts of the dissertation 
evolved through discussions with my advisor and members of my committee. 
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PAPER I. 
AN EVALUATION OF WETLANDS RESTORED IN THE 
PRAIRIE POTHOLE REGION 
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AN EVALUATION OF WETLANDS RESTORED IN THE PRAIRIE POTHOLE REGION 
authors: 
Susan M.Galatowitsch 
Arnold G. van der Valk 
Botany Department, Iowa State University, Ames, Iowa 50011 
Between 1987 and 1991,1892 wetlands (2714 ha) were restored by state and federal agencies, most as 
part of the Conservation Reserve Program in northern Iowa, southern Minnesota, and southeastern South 
Dakota. These restored wetlands are assumed to provide wildlife habitat and improve water quality. These 
assumptions were evaluated by comparing features of restored wetlands to those of natural wetlands (historic 
or extant). A preliminary evaluation was made on all restorations; more detailed information was collected on 
62 wetlands restored in 1988. The water quality evaluation is based on watershed land use, basin 
morphometry, and emergent vegetation development. The evaluation of restored wetlands as wildlife habitat is 
based on wetland type, water regime, and vegetation composition and zonation. Thirty-six of the 62 
restorations do not have any part of their watershed in row-crop production and only ten had more than 50% in 
row crops. Earthen dams are installed on most (73%) of all restorations in the region, increasing the full pool 
volume and consequently the potential water residence time. However, nearly all wetlands restored by 
removing drainage tile (17% of all sites) have inlets positioned next to outlets, greatly diminishing water 
residence time at full pool. Most restorations are less than 4 ha and 41 % have soils indicating an ephemeral to 
seasonal pre-drainage water regime. Wetlands restored to be ephemeral/temporary are under-represented 
compared to their pre-agricultural extent. After three years, wet prairie and sedge meadow zones have not re­
established in most restorations (0% and 9%, respectively). The number of wet prairie, sedge meadow, and 
shallow emergent species is less than for natural wetlands. Natural wetlands have 1-22 wet prairie species, 
whereas restored wetlands have 0-2 species. Sedge meadow species number 7-49 in natural wetlands and 0-9 
in restored wetlands. Seven to 19 shallow emergent species are present in natural wetlands, compared with 1-8 
species for restored wetlands. Deep emergent and submersed aquatic zones develop in restored wetlands and 
the species richness of these communities is comparable to that of natural wetlands. 
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INTRODUCTION 
Restorations of natural areas are becoming an integral part of natural resource management and 
conservation programs. This is particularly true for wetlands. Federal laws mandate that wetland losses 
caused by draining, dredging, and filling must be mitigated by restoration, as authorized by "swampbuster" 
provisions amended in the 1990 Farm Act and the Clean Water Act - Section 404 (National Research Council, 
1991). The Conservation Reserve Program in the 1985 Food Security Act, and more recently the Wetland 
Reserve Program of the 1990 Farm Act, provide new opportunities (or private landowners to voluntarily 
restore wetlands in agricultural areas. State programs, such as the Reinvest In Minnesota (RIM), have been 
established to give financial and technical assistance to landowners restoring wetlands (Wenzel, 1988). The 
current interest in restoring wetlands is an outgrowth of the belated recognition of the societal benefits of 
having wetlands in the landscape. Restored wetlands are expected to improve water quality, increase 
waterfowl populations, and sustain native plant and animal diversity, among other functions. The willingness 
to commit significant public ftmds for voluntary restorations, is based on these expectations being met. Yet, 
few attempts have been made to evaluate the success of restored wetlands (NRC, 1992). 
The midcontinental prairie pothole region has been reported to be an area where high-quality 
restorations can easily be done: hydrology is easily restored; wetland plants rapidly recolonize; and "ducks 
have returned in profusion" (NRC, 1992). Thousands of acres of small prairie depressions have been restored 
since the inception of CRP activities in 1987. Public interest and support of restorations are great within the 
region because these wetlands have the potential to provide wildlife habitat and to improve water quality. The 
prairie pothole region of North America is considered the most important waterfowl breeding habitat in North 
America (e.g.. Smith et al., 1964; Batt et al., 1988). The North American Waterfowl Management Plan relies 
on several million acres of wetland restorations to accomplish its objective to reverse the decline of continental 
waterfowl populations (Whitaker and Terrell, 1992). Restored wetlands are considered important components 
of water quality improvement efforts within the region (Johnston, 1991; van der Valk and Jolly, 1992; Keeney 
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and DeLuca, 1993). Reducing nitrate in surface and groundwater is of particular concern in the region 
because nitrate contamination of drinking water can cause human health problems, most notably "blue baby 
syndrome" or methemoglobinemia (Keeney and DeLuca, 1993; Comely, 1945). 
We studied restored wetlands in the southern portion of the prairie pothole region to see how selected 
characteristics of restored wetlands compare to those of natural wetlands with regard to two important 
functions, water quality improvement and wildlife habitat. Although functionality often is difficult to relate to 
visible features, even the extent to which these restorations resemble natural wetlands is unknown. 
Restorations with basic characteristics unlike those of natural wetlands would be expected not to behave or 
function like natural wetlands. Some commentaries on wetland restorations have noted that restorations may 
possess characteristics of natural wetlands but still not behave like them (e.g. Larson, 1991; Zedler, 1993). 
Nevertheless, a logical first step for evaluating the success of prairie pothole restorations is to determine if they 
possess the characteristics of natural wetlands. The characteristics assumed to be important for water quality 
functioning in wetlands include watershed land use, basin morphometry, and presence of a persistent litter 
layer. The quality of prairie wetlands as wildlife habitat is assumed to depend on whether the restored wetland 
is part of a wetland complex or not (landscape pattern), basin morphology, and vegetation diversity and 
zonation. The rationale for using these features to assess potential water quality improvement and habitat 
potential of wetlands is outlined in the next section. 
Ideally, the best way to evaluate a restoration would be to compare it to its pre-drainage condition. 
Historic data on prairie wetlands is scarce. An alternative approach is to compare characteristics of a group of 
natural wetlands to those of a comparable group of restored wetlands. Information from natural wetlands 
provides a baseline, but for only some wetland features (e.g. hydrology, vegetation). For other characteristics, 
especially landscape pattern, evaluation must be based on historic data because no modem examples remain. 
We have used information from both extant natural wetlands and historic wetland patterns (using existing soil 
surveys) and published data (past vegetation and wildlife studies) to compare restored and natural wetlands. 
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STUDY AREA AMD METHODS 
Description of the Southern Prairie Pothole Region 
The extent of the most recent continental glaciers in North America ranged from the prairie provinces 
of Canada into North Dakota, South Dakota, Minnesota, and Iowa. Wetlands are in the depressions of the 
rolling terrain left by the last glacier. These basins and swales, called prairie potholes, did not historically 
connect to streams because natural drainage networks had not yet developed (Winter, 1988). Wetland drainage 
and conversion to agricultural use have been widespread across the region. However, wetland loss has been 
most severe in the southern portion of this region, where agriculture is most productive and profitable. Most of 
the cropland in southeastern South Dakota, southern Minnesota, and northern Iowa is used for row-crop 
production, primarily com and soybeans (Onstad et al., 1991). Conversion to agriculture was facilitated by an 
intensive network of surface drainage ditches and subsurface tile drains, which began to be installed in the late 
1800s. Nearly 90% of the wetlands in the southern prairie pothole region have been drained (Dahl, 1990), 
Restorations are accomplished by interrupting tile lines, by plugging drainage ditches, or by blocking 
natural drainageways with earthen dams. Tile breaks are most common in Iowa and southern Minnesota where 
tile drainage has been most extensive. In most cases, between 15 and 30 m of tile is removed within the basin 
and replaced with non-perforated tile line. A high water level is established by installing a water-control 
structure directly on the tile line or by raising two unattached ends of non-perforated tile, establishing an inlet 
and outlet. A dike with an emergency spillway is commonly constructed to increase the maximum water depth 
of the site above historic levels. Dikes may be required to prevent flooding of adjacent property or to protect 
roads or public ditches. The basins and surrounding hillsides are usually planted to a cover crop such as brome 
{Bromns inermis) or switchgrass (Panicum virgatum) before restoration. The wetlands are not planted with 
wetland vegetation. 
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Information Sources 
A preliminary evaluation of restorations was based on the information available from agencies on all 
restorations done by state and federal agencies in the study area. Information was obtained from the Iowa and 
Minnesota Departments of Natural Resources, Minnesota Soil and Water Resources Board, and the U.S. Fish 
and Wildlife Service. Information obtained from the agencies for each project included precise location, land 
ownership, land use before restoration, date of installation of water control structui es, type of structures, and 
wetland size. 
Characterizing water regime, some aspects of basin morphology, and revegetation required 
information beyond that routinely compiled by agencies. Sixty-two projects initiated in 1988 were monitored 
for three years (1989-1991) to obtain detailed information on basin morphometry, water regime and 
revegetation. All wetlands selected had been used for row crops within the recent past (many had been farmed 
for more than 50 years), were mapped in the county soil survey as having a hydric soil (aquolls, fluvaquents, 
histosols), and were greater than 0.2 ha. Agricultural Stabilization and Conservation Service (ASCS) 
compliance records for the previous ten years were used to confirm site history. Approximately 100 wetlands 
seemed to meet these criteria based on the preliminary evaluation of all restorations. Property access 
restrictions and uncertainties about land-use history, however, eventually disqualified the other 38 projects. 
Wetlands lacking hydric soils were excluded because these projects may be creations, rather than restorations, 
and they may not have the same likelihood of being successful. Wetlands within pastures were excluded 
because artificial drainage on these sites is often incomplete, and these restored wetlands possessed some 
wetland characteristics before restoration. In 1991, the basin morphometry, nitrate concentrations, and 
vegetation of ten of these restored wetlands that flooded initially in 1988 were compared to ten similar natural 
wetlands: 
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Characteristics Related to Water Quality Improvement 
Wetlands receive varying amounts of sediment, nutrients, and other agricultural chemicals depending 
on land use within the watershed and sources of water. Nitrogen loads will be greatest from cultivated areas 
because tillage likely results in the mineralization of organic nitrogen and because of nitrogen fertilizer 
applications. Ammonium nitrogen is transported primarily with surface runoff, whereas nitrate-nitrogen is is 
easily leached from soils and carried from fields by subsurface drainage tile networks (Neely and Baker, 1992). 
Up to 50% of applied nitrogen fertilizer is lost from agricultural fields primarily as nitrate (Neely and Baker, 
1989). In general, watersheds of cultivated land have the greatest potential to deliver high nutrient loads to 
surface waters (Omemik, 1977). Consequently, restored wetlands that receive subsurface drainage tile inputs 
will receive especially high nitrate loads. The land cover of the watersheds of the 62 monitored wetlands was 
determined by overlaying digitized ASCS compliance photographs and watershed maps. Watershed 
boundaries were delineated on 7.5' U.S. Geological Survey maps or on SCS County soil maps (1:20,000) for 
projects in areas with minimal topographic relief Preliminary watershed-land use maps were field-verified to 
confirm drainage patterns and land cover. 
The influence of basin morphology and water regime on water quality improvement has been 
considered in wetlands constructed for wastewater treatment (e.g., Watson and Hobson, 1989; Mitsch and 
Cronk, 1992; Hammer, 1992). Effluent concentrations of nutrients will decrease as reaction rates and/or 
hydraulic residence time increases. Reaction rates in a prairie pothole are a complex function of microbial 
activity in the sediment and water column, and plant uptake. High transformation rates of nutrients should 
occur in shallow waters which afford maximum contact between sediments and overlying waters. If all else is 
equal, residence times of wetlands increase with increasing water volume, decreasing flow rates through the 
wetland and increasing distance between inlets and outlets. Each of the 62 wetlands was topographically 
surveyed in the field (to an accuracy of approximately 3 cm). The location of natural inlets and outlets, tile or 
ditch inlets and outlets, excavations, dams, islands, as well as the water gauge placed in each basin were 
mapped. Topographic maps of each wetland were prepared using SURFER, a three-dimensional computer 
13 
mapping program (SURFER, 1985). Surface area and volumes were calculated in SURFER to show the 
distribution of the water across the basin at changing volumes. The mean water depth, the proportion of the 
wetland excavated, and the distances between inlets and outlets were calculated for each wetland. The 
characteristics of these wetlands were compared to similar data available from ten natural wetlands. 
Vegetation also enhances the ability of a wetland to improve water quality, in part because plant 
uptake will remove some nutrients. However, removal by plant uptake is only short-term (seasonal). The 
primary importance of vegetation may be to act as substrates for microbes that transform nitrate (Isenhart, 
1992). Isenhart (1992) found that nitrate lost by sediment denitrification alone was approximately half that 
lost when litter and sediment were incubated together. The extent of an emergent vegetation zone and a litter 
layer in restored wetlands was determined during a 1991 vegetation survey of the 22 of 62 wetlands that had 
been flooded for three years (The remaining 40 wetlands had not flooded during the first year after restoration). 
Vegetation was assessed by examining the total flora of a wetland and the number and composition of 
vegetation zones present (see next section for details). Litter cover was visually estimated during the 
vegetation survey. 
Characteristics Related to Wildlife Habitat 
The loss of wetland complexes, groups of wetlands of different sizes and depths, and the isolation of 
those that remain have dramatically affected wildlife use (e.g., Weller, 1979; Lannoo, 1992; DU, 1990). The 
loss of large areas of relatively undisturbed wetland complexes and prairies was probably a factor in the 
extirpation of several species, including whooping crane {Grus americam), sandhill crane {Gms canadensis), 
trumpeter swan (Cygnus buccinator), marbled godwit (Limosa fedoa), long-billed curlew (Numenius 
americana) and common loon (Gavia immer) (Weller, 1979). Although the most area-sensitive species no 
longer occur in the region, some that remain appear affected by wetland isolation. In a study of Iowa 
marshes, size and isolation accounted for 75% of the variation in avifaunal richness in prairie marshes (Brown 
and Dinsmore, 1986). They observed that the isolated marshes studied had fewer bird species than complex 
14 
marshes, despite being twice as large. Numerous studies have shown that specific wetland habitats, such as 
small, shallow wetlands, are required by certain species, or at critical times of the year (such as migration or 
breeding) (e.g., Ruwaldt et al., 1979, Wellerand Spatcher, 1965; Fredrickson and Reid, 1986). 
Information on the sizes and numbers of restorations across the region were compared to the pre-
agricultural extent and diversity of wetlands in eight locations. Pre-agricultural patterns of wetlands were 
determined from hydric soil extent on Soil Conservation Service county soil survey maps for eight township-
sized areas (93.2 km^ or 36mi^) within Iowa. Areas selected were those with the greatest densities of 
restorations completed (locations listed in Appendix B). The Iowa Soil Information System (ISIS) maintains 
separate digitized soil maps for each section (one square mile or 259 ha), including a summary of acreage for 
each map unit. Each depressional wetland soil series in the region was assigned to a wetland class (assuming 
the soil type occupies the lowest portion of a wetland), following Stewart and Kantrud (1971). Table 1 is a list 
of soil series associated with each wetland class. Thirty-five soil series represent soils likely formed under wet 
prairie or sedge meadows (Class I and II wetlands). These soils are generally classified as Typic Aquolls, 
indicating a water table near the land surface during wet periods but relatively low amounts of organic matter 
accumulation. Seven series are listed as seasonal (Class III) ponds, i.e., those with a central shallow marsh 
zone. These soils, Cumulic Haplaquolls, have a high water table above the ground surface for part of the 
growing season. The ctmulic designation describes a very thick surface layer (A horizon) that developed from 
a high rate of organic matter production and limited decomposition coupled with continuous sedimentation 
(Soil Survey Staff, 1990; Amdt and Richardson, 1989). Class IV wetlands (six series) are typified by soils that 
are often called "mucks," the wettest Aquolls, Fluvaquents, and highly decomposed Histosols. These wetlands 
are situated at lower elevations than other wetlands and likely received groundwater discharge. Two series are 
deep sedge peat deposits that likely formed in extensive fen-like sedge meadows. The Blue Earth series is 
mapped in basins and in fens (listed as sloping lands) (Galatowitsch, personal observation). The map units 
used in ISIS include a predominant soil series but may contain inclusions of up to 15% of other series (as 
indicated in county soil surveys). 
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The water regime after restoration was compared to that which likely existed beforehand for the 62 
monitored wetlands. The pre-drainage water regime was inferred from the soils by using the classification of 
soil series and wetland class shown in Table 1. Soil series for each wetland obtained from SCS county soils 
maps were confirmed by comparing their range of characteristics to the fractions of sand, silt, clay, organic 
carbon, carbonates, and other visible characteristics of a core for each map unit in each wetland. Each soil 
core was removed in four sections to a one-meter depth using a clay auger. Fractions of sand, silt and clay 
were determined using hydrometers (Gee and Bauder, 1986). Total carbon of the soil samples was determined 
using a Carlo-Erba NA 1500 carbon-nitrogen analyzer. Organic carbon was also determined with the Carlo-
Erba carbon-nitrogen analyzer after the carbonates had been liberated with an acid treatment (Hedges and 
Stem, 1984). Carbonate content was estimated by difference. 
Water regime after restoration was determined from water level data. A water depth gauge was 
installed in each wetland and water depth periodically recorded. Postcards with a drawing of the gauge were 
distributed to landowners and managers who assisted in monthly water depth monitoring (between spring and 
fall). Because the monitoring period included below average, average, and above average years of 
precipitation, water regime could be reasonably characterized. Each wetland was classified according to 
midsummer water level as: (1) never or rarely ponded (indicating ephemeral or temporary wetlands); (2) 
ponded in at least one of the three years (indicating as seasonal wetland); (3) always ponded (indicating a 
semipermanent wetland). 
Weller and Spatcher (1965) observed that concentric zones of vegetation produce a related zonation 
of birds. For example, king rails {Rallus elegans) and American bitterns {Botatims lentiginosus) use the 
shallow periphery of wetlands (sedge meadows and shallow emergents), yellow-headed blackbirds 
(Xanthocephalus xanthocephalus), coots (Fulica americana), and black terns (Chlidonias niger) use shallow 
and deep'emergent areas. Since the wetland class can be inferred from soil type and/or observed water regime, 
the potential concentric wetland zones are predictable. The zones apparent in each restored wetland that had 
Table 1. Wetland classes that likely correspond to soil types of basins, flats, or swales. 
Wetland Class Soil Taxomony Soil Series in Deepest Part of Basin 
I- Ephemeral Typic Haplaquolls Beauford, Biscay, Brownton, Calcousta, Canisteo, Cordova, Delft, Flom, 
11- Temporary Fulda, Hamel, Harps, Harpster, Jefifers, Kossuth, Lanyon, Lemond, Leota, 
Letri, Lura, Madelia, Mama, Miimetonka, Regal, Rolfe, Romnell, 
Rushmore, Shandep, Spicer, Tetonka, Vallers, Wacousta, Waldorf Webster, 
Whitewood, Worthing 
in - Seasonal Cumulic Haplaquolls Badus, Baltic, Glencoe, Knoke, Okoboji, Oldham, Pamell 
IV - Semipermanent Histosols, Fluvaquents, Blue Earth, Caron, Knoke muck, Muskego, Okoboji muck. Palms 
Cumulic Haplaquolls - muck 
V- Permanent Wetlands Open water Open water 
VI - Fens and sedge meadows Histosols, Fluvaquents Blue Earth, Boots, Caron, Houghton 
been flooded for three years (22 wetlands) were compared to the zones characteristic of its wetland class. The 
existence of a zone was defined as at least 25% cover of vegetation within that portion of the wetland. 
The vegetation composition of restored wetlands that had been flooded for three years (22 wetlands) 
were compared to complete floristic lists from ten natural wetlands surveyed in 1991 and from published lists 
from seven Iowa wetlands (see Table 9 for locations). No complete floristic lists were found for prairie 
wetlands in southern Minnesota or southeastern South Dakota. A potential floristic list for the region was 
compiled from several sources (Great Plains Flora Association, 1986, van Bruggen, 1976, Eilers, 1989, 
Ownbey and Morley, 1991). Plants were classified into eight guilds based on life history strategy (sensu van 
der Valk,' 1981 and Stewart and Kantrud, 1971) and water depth tolerance: wet prairie perennials, sedge 
meadow perennials, shallow emergent perennials, deep emergent perennials, submersed aquatics, floating 
annuals, mudflat annuals, and woody plants. A floristic list with guild classification is found in Galatowitsch 
and van der Valk (1993). Species descriptions in floras, herbarium label information (from the ISU collection) 
and personal observations were used to obtain information for guild classification. The number of species in 
each guild was tallied from floristic lists for each wetland. Ranges of native species richness for each guild 
were established as "high quality" and "typical" from the floras of natural wetlands. Wetlands considered to 
have "high quality" species richness for a guild are those having substantial suitable habitat (i.e., submersed 
aquatics require open water found in semipermanent wetlands) that has not been obviously degraded (included 
in state preserve; lacking high abundance of alien species). "Typical" wetlands are those with suitable habitat 
but usually degraded by edge effects from farm practices on surrounding land. 
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RESULTS AND DISCUSSION 
Eighteen hundred and ninety-two (1892) wetlands have been restored in the southern prairie pothole 
region between 1987-1991 (Figure 1). Most wetlands were restored under ten-year Conservation Reserve 
Program agreements; some wetlands were restored under perpetual agreements with RIM in Minnesota. The 
characteristics of the restorations are described as they pertain to water quality or wildlife habitat functions. 
Water Quality 
Few of the monitored restorations had the potential to receive high nutrient loads. The predominant 
land cover within the watersheds of the 62 monitored restorations is permanent vegetation (51 sites), mostly 
perennial grasses (Table 2). Thirty-six sites included row crops; only ten had more than 50% of their 
watersheds in row crop production. Most wetlands that were restored within tracts enrolled in the 
Conservation Reserve Program (CRP) are planted with smooth brome {Bromus inemiis) and alfalfa {Medicago 
sativa) or switchgrass (an improved variety of Panicum virgatum) to reduce soil erosion. The land use patterns 
of the monitored wetlands likely reflect the situation for all of the restorations in the region. Nearly 98% of all 
(1892) projects were established by the U.S.Fish and Wildlife Service and Iowa Department of Natural 
Resources, nearly all on CRP lands and public wildlife areas. The remaining projects are on RIM lands which 
enroll no more than four upland acres for each wetland acre (MBWSR and SCS, 1989). More of the 
watersheds of these restorations are in agricultural production. If current plans for the Wetland Reserve 
Program (WRP) are implemented, more restored wetlands may be in watersheds that are predominantly row 
crops. Unlike the Conservation Reserve Program which enrolls large tracts of uplands, the amount of upland 
enrolled with a wetland in WRP is limited to no more than twice the wetland acreage as long as the average 
width of the adjacent upland does not exceed 100 feet (Steimel, 1992). The remaining unenrolled land in the 
watershed of a restored wetland can be used for crop production. So, more restorations in the future may 
receive high nutrient loads. 
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Table 2. Summary of land use within the watersheds of 62 monitored restorations. 
Percent Cover within Watershed 
Land Use 100% 75-99% 50-74% 25-49% 1-24% none 
Conservation Cover (Perennial grasses) 30 15 6 6 3 2 
Row Crop (com and so)teans) 0 2 8 5 11 36 
Farmsteads (including livestock confinements) 0 0 0 0 7 55 
Hay 0 0 0 0 4 58 
Timber 1 0 1 0 2 58 
Pasture 0 0 1 0 1 60 
Small Grains (primarily oats) 0 0 1 0 1 60 
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Earthen dams created from fill excavated within wetlands have been installed on 73.3% of all 
restorations in the region and 61% of the surveyed wetlands (38 of 62 sites). Figure 2 compares the volume-
surface area relationship (at Ml pool) of 10 natural wetlands, 32 of the excavated-diked wetlands, and 22 
wetlands restored without these alterations. Regressions oflog;o(surface area) on log^Q (volume) for these 
three groups of wetlands do not differ at;; = 0.05. So, in most cases, excavation and dike construction results 
in a larger wetland that is not disproportionately deeper than unaltered wetlands. However, there are some 
exceptions: of the 38 excavated wetlands, three had been entirely excavated and two others had one-fourth to 
one-half of their basins excavated. Since these dikes add to the full-pool volume of the projects, water 
residence time could be increased, assuming complete mixing. Increased residence time should ensure more 
nutrient retention in the basin or loss as long as nutrient-laden water comes into contact with litter or sediment 
surfaces. 
brain tiles were interrupted on 17.5% of the restorations region-wide, and on 76.2% of the monitored 
wetlands (48 sites). Tiles were more common in monitored wetlands because sites selected for further study 
had been previously cultivated, rather than used as pasture. Twenty-four restorations were located at the 
headwaters of tile systems and receive little or no tile inflows. In the remaining 24 cases, the restored 
wetlands,are situated along a tile system, so they receive drainage from upstream areas. The tile was 
completely removed from one wetland so that tile water entered the basin on the side opposite the outlet. In all 
other wetlands, tile water enters the sites next to or within several meters of the tile outflow. When the inlet 
and outlet are adjacent or within several meters of each other, water residence time at full pool is likely 
minimal. Missed opportunities for water quality improvement will be significant if these watersheds are 
planted to row crops again. 
As indicated by emergent vegetation development, persistent litter layers that provide subtrates for 
nitrate-processing microbes will likely develop in most restored wetlands. Among 22 restored wetlands 
monitored for three years, only eight had less than 25% cover of shallow or emergent vegetation. Emergent 
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Figure 2. The relationship between logjo surface area and logjo volume for natural wetlands (closed triangles) 
( adj. r^ = 0.5698), restored wetlands with no excavations (closed circles) (adj. r^ = 0.929), and 
restored wetlands with excavations (open circles) (adj. r^ = .894), The equations of these lines are 
not significantly different at p = 0.05. 
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litter in most three-year old wetlands is still negliglible. However, eight wetlands that had a dense cover of 
switchgrass prior to restorations retained this litter in parts of the basins into the third year. 
Wildlife Habitat 
Table 3 presents the pre-agricultural wetland extent in eight areas of northern Iowa. Although 
considerable variability exists in the proportion of ephemeral and temporary, seasonal, and semipermanent 
wetlands, ephemeral and temporary wetlands were most abundant in the landscape, occupying roughly four to 
nine times the area of semipermanent wetlands. The exceptions to this pattern are blocks seven and eight, 
where sedge peatlands apparently extended along low-lying areas. These peatlands were not likely a common 
feature of the prairie pothole region. The Houghton series appears to reach its western limit in northern Iowa 
(NCSS, 1979). Seasonal wetlands were roughly as widespread as semipermanent wetlands. 
The total area of wetlands restored across the entire region between 1987 and 1991 is 2714 ha (6785 
acres); comparable to the pre-agricultural wetland extent of just one township. Wetlands have been restored in 
267 townships. The maximum area of wetlands restored in any one township is 151 ha (378 acres) (Table 4). 
However, most townships have less than 10 hectares (25 acres) of restored wetlands (Table 5). Restorations 
tend to be small; most townships have an average restoration size of less than four hectares ( 10 acres). For 
wetlands that could be related to a soil map unit, ephemeral/temporary and seasonal wetlands are restored with 
equal frequency (Table 6). Although fewer semipermanent wetlands have been restored, they cover more area 
than ephemeral/temporary wetlands. Restoration efforts have not likely resulted in the re-emergence of 
wetland complexes in the landscape because these wetlands cover a very small fraction of their pre-
agricultural extent. Additionally, ephemeral/temporary wetland restorations are considerably under-
represented compared with their proportion suggested from soil maps. 
Of the 66 mapped soil units verified in the field from the 62 restored wetlands (four sites have two soil 
units), 43' were confirmed. Of the remaining 23, seven of the field determinations change the presumed 
wetland class of the sites. These six changes are: one Class I-II to Class III, two Class III to Class IV, and 
Table 3. Summary of wetland complex information for eight 93.2 km^ (or 36 mi^) blocks with high densities of wetland restorations. Exact locations 
provided in Appendix B.. 
Extent of Each Wetland Class (ha/93.2 km^) 
Block Location Landform 
Class!-II 
Ephemeral 
& Temporary 
Class m 
Seasonal 
Class IV 
Semi­
permanent 
Class V 
Open 
Water 
Class VI 
Fens and 
Sedge 
Meadows Floodplain Total 
Ratio of 
Class I/II: 
Class ni: 
Class IV 
1 Wright Co., Iowa Altamont end 2915 360 313 166 0 0 3754 9.31:1.15:1 
moraine 
2 Kossuth Co., Algona end moraine 2948 498 408 241 0 599 4694 7.22; 1.22; 1 
Iowa near the stagnant 
branch of the Des • 
Moines River 
3 Dickinson Co., Altamont end 1098 330 298 I1I8 0 59 2903 3.68:1.11:1 
Iowa moraine near Spirit 
Lake 
4 Emmet Co., Iowa Altamont end 1243 154 323 138 0 67 1925 3.85; 0.48; 1 
moraine 
5 Palo Alto Co.and Altamont end 1844 289 295 96 0 14 2538 6.26:0.98:1 
Emmet Co., Iowa moraine 
6 Palo Alto Co., Altamont end 1954 260 " 407 92 0 127 2850 4.82; 0.64; I 
Iowa moraine 
7 Winndiago Co., Algona or Altamont 1531 332 1092 4 724 446 4129 1.40:0.30:1 
Iowa end moraine 
8 Winnd>ago Co. Algona or Altamont 1907 325 694 263 547 412 4148 2.75:0.47:1 
and Worth Co., end moraine 
lovra 
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Table 4. The total area of wetlands restored in each township (267 total) between 1987-1991 (all restorations). 
Total Area of 
Restorations Per 
Township (ac) 
Number of 
Townships 
<4 142 
4-10 64 
10-20 22 
20-40 22 
40-151 17 
Table 5. The mean size of restoration in each township (267 total) between 1987-1991 (all restorations). 
Standard deviations are not reported for the mean restoration size because agencies report these 
values on total restoration area for each property. 
Mean size of Number of 
Restoration Per Townships 
Township (ha) 
< 0.8 95 
0.8-4 140 
4-20 27 
20-61.2 5 
Table 6. Summaiy of kinds of all wetlands restored between 1987-1988 as indicated by soil map units. 
Wetland Class Associated Soil Map Units Number (% of total) Total Extent (ha) (% of total) 
I - Ephemeral 
II- Temporary 
Biscay, Brownton, Canisteo, Delft, 
Faxon, Harps, Lemond, Mama, 
Rolfe, Webster, Worthing, Tetonka 
117 (20.4) 100.2(11.2) 
in - Seasonal Baltic, Glencoe, Okoboji, Pamell, 
Oldham 
118(20.6) 265.9 (29.8) 
rv - Semipermanent Blue Earth, Knoke muck, Muskego, 
Okoboji-90, Palms, muck 
43 (7.5) 157.2 (17.6) 
V - Permanent Wetlands - - -
Peatlands; Sedge meadows Houghton 14 (2.4) 40.8 (4.5) 
Unknown Wetlands pond, aquoll, marsh, water 23 (4.0) 49.8 (5.6) 
Floodplain Wetlands oxbow, Colo, SpiUville, Terril 12(2.1) 6.2 (0.7) 
Upland Sites (not mapped as hydric soils) 35 (6.1) 26.0 (2.9) 
Unknown (no soil survey available, inadequate 
detail in soil survey, imprecise 
location) 
178 (31.1) 224.0 (25.0) 
TOTAL 573 (100) 892.6 (100) 
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three Class IV to Class III. For soil types originally suggesting Class I-II conditions, four Webster, three 
Canisteo, two Delft, one Biscay, one Brownton, and one Lemond soil map units were confirmed. Two sites 
mapped as Canisteo series are not calcareous and are presumed to be Webster series. One Webster site is 
revised to a Madelia unit because of its relatively low sand content. Silty clay loam texture and lack of an 
albic horizon resulted in a wetland mapped as Rolfe series to be considered an Okoboji series, a Class III soil. 
Okoboji silty clay loam, a Class III soil, is the most common map unit among the monitored wetlands 
(26 sites). Sixteen sites have characteristics consistent with this series. Five of ten were clay loam through the 
sampled section and so were judged to be in the Glencoe series. Three were calcareous throughout and 
assumed to be Knoke silty clay loam. None of these discrepancies suggest a different wetland class. However, 
two other sites have higher organic carbon contents (6.20% and 7.02%) than other examples of Okoboji series ( 
2.36-4.16%). Since both wetlands have been drained and cultivated for approximately 50 years, these 
differences are presumed to show that these sites were likely Okoboji mucks. Class IV wetlands. One wetland 
mapped as Glencoe has a silty clay texture, suggesting an Okoboji unit. Three Oldham wetlands are 
calcareous and assumed to be Pamell units (also Class III). Three other Oldham sites were confirmed, as were 
two Pamell sites, and a Knoke site. 
Of the twelve wetlands with soil units indicating Class IV wetlands, three Palms sites and three Blue 
Earth sites were confirmed. One Pabns site is a calcareous sandy clay loam, not matching any soil series well, 
but is most similar to the Knoke series, a Class III soil. A wetland mapped as Okoboji muck is also a Knoke 
unit because it is a calcareous silty clay loam. Two Blue Earth sites were non-calcareous silty clay, within the 
range of characteristics for the Okoboji series (Class III). Another Blue Earth site had hemic material 
throughout the sampled section and is assumed to be a Muskego unit (Class IV). Five Houghton sites, 
indicating a sedge meadow with a prolonged high water table, were confirmed. 
Table 7 compares the presumed pre-agricultural water regimes of the Class I - IV monitored wetlands 
to post-restoration observations from 1989-1991. The three-year monitoring period included one drought year 
( 1989), one year of normal precipitation ( 1990), and one year of above normal precipitation (1991) (NOAA, 
Table 7. Crosstabulation of pre-drainage wetland classes inferred from soils maps and post-restoration wetland classes as identified from field 
observations of 57 of 62 monitored restorations. Five restorations on deep-peat sedge meadows excluded here. 
Post-Restoration Wetland Class 
Pre-
Agricultural 
Wetland Class 
Class 
I -n  
Basins that flooded for brief 
periods in the spring or held 
less than 20% of water 
volume to midsummer in 
one year 
Class 
HI 
Basins that held water until 
midsummer from one to 
three years, exceeding 20% 
of water volume in one or 
two years. 
Class 
IV 
Basins that held water until 
midsummer in two to three 
years, exceeding 40% of 
water volume in most years. 
Project Failures 
Basins that remained dry or 
those that lost sigoficant water 
through leaking dikes or tiles. 
Total 
Class I-n 3 2 3 2 10 (17.5%) 
Class m 5 16 7 8 36 (63.2%) 
Class IV 1 4 5 1 11 ( 19.3%) 
Total 9 (15.8%) 22 (38.6%) 15 (26.3%) 11(19.3%) 57 (100%) 
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1989; NOAA, 1990; NOAA, 1991). Across the region, precipitation was approximately 50% of normal in 
spring, 1989 (March 1 to May 31) and 75% of normal in summer, 1989 (June 1 to August 31). Temperatures 
were near normal during this period. In 1990, spring precipitation was 100% of normal, except a localized 
part of northwestern Iowa, which reached 150% of normal. Summer precipitation was 100% of normal over 
the region. Temperatures were near normal in 1990. All of the region exceeded 150% of normal precipitation 
for the spring of 1991. North-central Iowa and south-central Minnesota had precipitation levels 200% of 
normal during this period. Precipitation in the summer was near normal across the region, as was temperature. 
So, although the monitoring period was brief, it includes the full range of moisture conditions that occurs in the 
region. 
Nearly one-fifth of the projects cannot be classified because they had not refiooded (seven sites) or 
because of structural failure (four sites). Of the remaining 46 projects, the water regime after restoration 
corresponds to predictions fi-om soil types for 24 wetlands (42%). Ten wetlands (17.5%) have less prolonged 
flooding than would be predicted fi-om soils information and twelve (21.1 %) hold more water than would have 
been expected. All but one wetland received tile flow, and all but two have dikes to retain this additional 
water. The tile flow is likely delivering more water to the basin than would have occurred through surface 
runoff and infiltration. However, six of the ten wetlands that did not readily reflood also have tile inlets and 
dikes. Water regime shows some relationship to watershed size. All projects that failed to reflood had a 
watersheçl-to-wetland ratio of less than 2.5:1; most that were flooded all three years had a ratio greater than 
4:1 (Figure 3). 
Houghton soils likely indicate sedge meadows with prolonged high water tables. These wetlands do 
not fit well into the classification developed by Stewart and Kantrud (1971). Five restorations on Houghton 
soils were included in the survey. Although the hydrology of these kinds of wetlands has not been investigated 
in the region, it seems likely that these wetlands would have been continuously saturated or shallowly ponded, 
except during severe droughts. Relatively small portions of extensive areas of these peaty wetlands are 
restored by removing sections of tile and installing retaining walls. Two of these impoundments reflooded 
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Figure 3. The relationship between watershed size: wetland size and observed water regime for 58 wetlands (4 
wetlands with structural problems are excluded; 13 data points are hidden behind similar symbols). 
The dashed lines show three different ratios; a one to one ratio of watershed to wetland area (1:1); 
2.5 hectares of watershed for each wetland hectare (2.5:1) and 4 hectares of watershed for each 
wetland hectare. The number of years a wetland held water until mid-summer (July) is shown. 
after 1989 and resemble Class IV wetlands. The other three had a saturated soil during mid-summer of 1990-
1991. However, an adequate assessment of their water regime requires monitoring of water table levels, which 
was not part of this study. 
In spite of the somewhat low correspondence of pre-agricultural and post-restoration wetland classes 
within each group (42%), the overall proportions of wetland classes are similar to that shown by verified soil 
map units. As with restorations over the entire region, fewer ephemeral/temporaiy wetlands are restored than 
any other kind though they were more common than any other type. In fact, there are more project failures 
among the surveyed wetlands than successful restorations with an ephemeral/temporary water regime. 
tor those wetlands included in the monitoring study that had flooded for three years (22 basins), nine 
were restored to seasonal and thirteen to semipermanent wetland types. Eighteen of the twenty-two monitored 
wetlands have had least one vegetation zone (excluding planted cover crops). Planted cover crops (Bromus 
inermis, Medicago saliva, and Panicum virgatum) were present in eight wetlands. None have wet prairie 
vegetation, other than from cover plantings. Two wetlands have sedge meadow zones. A zone of deep or 
shallow emergent vegetation is present in 13 wetlands. Open water areas with submersed aquatics were 
present in 16 of 22 restored wetlands. Five of these wetlands have no other vegetation zone. 
The vegetation composition of seventeen natural wetlands is presented in Table 8. Wetlands 
surrounded by intact prairies, Arend's Kettlehole, Cayler Prairie, and Doolittle Prairie, have many wet prairie 
perennials. The remaining sites have a relatively narrow prairie margin and fewer of these perennial species 
are present. Likewise, semipermanent wetlands (Class IV) will have more suitable habitat for deep emergent 
perennials and submersed aquatics than will temporary-seasonal wetlands (Class II-III). In general, the 
overall number of wetland species is greatest within tracts included in state or private preserves (Goose Lake, 
Arend's Kettlehole, Cayler Prairie, and Doolittle Prairie) that were established to recognize and maintain their 
exceptional quality. The ten wetlands surveyed in 1991 have fewer species than the higher quality wetlands. 
All are or have been surrounded by agricultural fields; some have been ditched in unsuccessful attempts at 
drainage, and some are or have been used for livestock grazing. The range of the number of native species 
Table 8. Flonstic oonqx>âtion of some natural wetlands within the prairie pothole region. Guilds: WP = wet prairie perennials, SM = wet meadow 
perennials, SE - shallow emergent perennials, DE=deep emergent perennials, SA = submersed aquatics, FA - floating annuals, MA -
mudflat annuals. WO = woody plants, FP = Floating perennials. 
Site (date of survey) Location Size (ha) Wetland Number ofSpeciesOberved in Each Guild 
Class 
WP SM SE DE SA FA MA WO FP Total 
R^onol Floristic List 46 149 45 6 41 6 37 13 3 346 
Goose Lake (1908) Hamilton County, Iowa 51 IV 10 68 19 2 6 0 12 6 3 126 
Goose Lake'(I93I) Hamilton County, Iowa 51 IV 14 48 16 4 10 4 16 4 2 U8 
Aiemfs Kettldiole (1973) Dickinsoo County, Iowa I m 21 45 14 1 7 3 12 2 0 105 
Caylor Prairie (1956) Dickinson County, Iowa 5 n-m 20 49 19 1 2 2 10 
-
-
103 
Daolittle Prairie (1983) Story County. Iowa 8 n-m 22 28 10 0 0 0 2 
- -
62 
Eagle Lake Maid* (1979) Hancock County. Iowa 352 IV 3 21 15 4 7 4 5 0 2 61 
LitUeWaU Lake (1927) Hamilton County, Iowa 92 IV 3 18 10 2 9 4 5 3 3 57 
Rosewall Maish (1991) Palo Alto County, Iowa 5 m 1 19 13 3 3 4 8 0 0 51 
Bieber Maiah (1991) Ceno Gordo County, Iowa 10 m 6 24 11 2 0 2 2 1 0 48 
Ventura Marsh (1991) Cerro Gordo County, Iowa 4 m 2 17 11 2 4 4 5 1 0 46 
Gioven Lake East Marsh IMckinsoo County, Iowa 4 m 4 16 12 4 2 4 3 1 0 46 
(1991) 
Janssen West Marsh (1991) Palo Alto County, Iowa 2 m 7 17 13 3 3 3 0 0 0 43 
Janssen East Maish (1991) Palo Alto County, Iowa 2 IV 8 15 11 4 1 3 0 1 0 41 
Harmon Lake Marsh (1991) V^onebago County, Iowa 2 IV 7 14 10 2 4 3 1 0 0 40 
Grovos Lake West MarA Dickinson County, Iowa 2 rv 5 11 11 4 1 4 2 2 0 44 
(1991) 
Thim Marsh (1991) Palo Alto County. Iowa 3 m 1 11 12 1 2 3 1 2 0 33 
Maser Marsh (1991) IMckinsco County, Iowa 1 m 3 15 7 3 0 1 1 1 0 31 
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shown on Figure 4 indicated as "high-quality" and "typical" were derived for each group from the floristic lists, 
considering wetland class and quality. Because species richness of the deep emergent perennial group has 
relatively few species, only a "typical" range is identified. Mudflat annuals and floating annuals were not 
considered because variation between and within years makes published species lists less reliable for these 
guilds. Floating perennials and woody plants also were ignored because of their small contribution to or 
sporadic presence in prairie wetlands. 
Figure 4 shows the floristic composition for the twenty-two monitored restorations flooded for at least 
part of three years. No more than two native wet prairie species were present in restored wetlands. In six of 
these wetlands, the improved Panicum virgatum planted for erosion control, was the dominant wet prairie 
species. Likewise, few sedge meadow species are present on restored wetlands. For both groups, the number 
of low prairie and sedge meadow was less than expected for "typical" wetlands. The number of emergent 
species in restored wetlands approached that of "typical" wetlands. In contrast, the number of submersed 
aquatics in restored wetland reached or exceeded the "typical" range for 20 of 22 wetlands. These comparisons 
suggest the vegetation of restored wetlands differed from natural wetlands. After three years, submersed 
aquatic diversity of restored wetlands met or exceeded that of many natural wetlands, but wet prairie and sedge 
meadow species were under-represented. 
Because most restored wetlands are small (less than four hectare) seasonal and semipermanent 
wetlands,with vegetation development limited to submersed aquatics and deep emergents, these marshes 
should be most suitable for marsh generalists and dabbling ducks and geese. According to breeding bird 
surveys of restored marshes in the region, red-winged blackbirds (Agelaius phoeniceus), yellow-headed 
blackbirds (Xanthocephalus xanthocephalus) and American coot (Fulica americana) readily use restorations, 
as do Canada geese (Branta canadensis), mallard (Anas platyrhynchos) and blue-winged teal (Anas discors) 
(Delphey, 1991; Hemesath, 1991; LaGrange and Dinsmore, 1989; Sewell, 1990). Sewell (1989) and Delphey 
(1991) both reported approximately 75% of all! pair counts of waterfowl as either mallard or blue-winged teal. 
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Figure 4. The number of perennials found in 22 restored wetland after three years of flooding for each plant 
guild. Data for the high quality and typical natural wetland with the maximum number of species 
is shown above the line on each diagram. 
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Likewise, Zenner and others (1990) observed average breeding pairs/hectare of water to be 2.7 for mallard, 1.4 
for blue-winged teal, and 0.5 for all other ducks and geese. 
Birds with more specific wetland habitat requirements are less freqently reported from restored 
wetlands. Species requiring extensive wetland complexes, large wetlands, or wetlands with well-developed 
sedge meadow and shallow emergent vegetation are poorly represented or not represented. Hemesath (1991) 
found black terns (Chlidonias niger) and least bitterns (Ixobrychus exilis) nesting only in the largest restored 
wetlands (greater than 6.1 ha ). Delphey (1991) compared the breeding birds of restored and natural wetlands 
and found swamp sparrows (Melospiza georgiana), common yellowthroats (Geothlypis trichas), and marsh 
wrens (Cistothonts palustris) were less abundant in restored wetlands, apparently because of the lack of well-
developed sedge meadow vegetation in restored wetlands. Active planting may be required to establish wet 
prairie, sedge meadow, and shallow emergent vegetation that is not naturally recolonizing before these 
wetlands will offer suitable habitat for animals specific to these areas, such as American bitterns (JBotaums 
lentiginosus). 
RECOMMENDATIONS FOR ONGOING RESTORATION PROGRAMS 
Wetlands restored thus far in the southern prairie pothole region likely vary in their potential to 
improve water quality and support wildlife. The high proportion of permanent cover in Conservation Reserve 
Program watersheds of restored wetlands spares them the high loads of nutrients as well as providing nesting 
cover for wildlife. The rapid recolonization of emergent and submersed vegetation likely also makes these 
restored wetlands potentially good habitat for some wildlife species and for nitrate removal. Current 
restorations have a number of shortcomings, including the lack of large restored wetland complexes, the small 
size of most projects, the relatively low number of ephemeral/temporary restorations, the lack of development 
of wet prairie, sedge meadow, and occasionally emergent vegetation, and the proximity of tile inlets and 
outlets. Ongoing restoration programs cannot optimize all conditions on each site because of the constraints 
imposed by other land uses in the region, conflicts with adjacent landowners, intervening roads and 
developments, or the desires of participating landowners. Continued public support of restoration efforts will 
likely be more assured if restorations can be demonstrated to fimction like natural wetlands. We concur with 
the National Research Council (NRC, 1992) that site selection, design, and management of restored wetlands 
must be improved so that restored wetlands will function as planned. 
Restoration programs, for instance those administered by the U.S. Fish and Wildlife Service's Wetland 
Management Offices (roughly 10 counties), should plan restorations in their areas carefiilly to ensure that 
restored wetlands meet a number of specific habitat and water-quality improvement objectives. For example, 
the objectives of an area within the southern prairie pothole region could include restoring wetlands to reduce 
pollutants in surface water in several watersheds, to increase habitat for northern harriers (Circus cyantis), 
dabbling ducks, and rails and bitterns, and to provide migratory habitat for shorebirds. Meeting all of these 
objectives would result in a mix of restoration projects. If resources are available to restore fifty wetlands in a 
year, they need to target a certain number of projects for each goal. Multiple goals may possibly be met with 
an individual restoration, but not all goals will be met on all restorations. For example, a cluster of wetlands 
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could be restored for dabbling ducks and shorebirds only if some ponds are left flooded through the summer, 
while several others are drawn down to expose mudflats. Likewise, a wetland may effectively process 
contaminants and provide bittern and rail habitat if the restored wetland is shallow, water regime suitable for 
the growth of emergent vegetation, and if tile inlet and outlet are separated. Some functions are not 
compatible; an extensive wet prairie suited for northern harrier nesting will not be as good for dabbling duck 
breeding as is a seasonal wetland. 
Targeting restorations for specific purposes may be difficult because landowners often select sites, 
because waterfowl management has been the traditional focus of wetland managers, and because some projects 
requiring revegetation may be costly. While landowner cooperation is a necessary first step in restorations, 
not all landowners request hunting sites. A restoration program that offers variety may appeal to a greater 
range of landowners, including those not typically involved. Incentives may be necessary to encourage certain 
kinds of restorations. The U.S. Fish and Wildlife Service in Madison, South Dakota has successfully used cash 
payments to encourage landowner participation. The ASCS has also provided financial incentives for 
landowners creating wetlands to control pollution from animal waste (Whitaker and Terrell, 1992). Cash 
incentives may be especially important for encouraging large restorations that involve several landowners and 
for sites needing special revegetation. The challenges of area-wide restoration planning and implementation 
may be justified to ensure that (1) diverse wetland functions are adequately considered during site selection 
and design, (2) ftmctions relying on large-scale landscape pattern receive attention; and (3) restorations 
actually do provide wetland functions. 
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ABSTRACT 
The patterns of revegetation of recently restored prairie wetlands were studied with respect to 
environmental and historical factors. An annual floristic survey of 62 wetlands restored in 1988 in northern 
Iowa, southern and central Minnesota, and southeastern South Dakota was conducted from 1989-1991. 
Wetlands were placed in three age-classes on the basis of the number of years they were flooded. A matrix of 
stand dissimilarities was constructed for each age-class. Environmental conditions (midsummer mean water 
depth, wetland surface area, and soil organic caibon content) and land-use characteristics (type of drainage, 
drainage duration, and crop history) were determined for each restoration. A matrix of environmental and a 
matrix of historical dissimilarities were constructed for each age-class. Stand dissimilarity matrices were 
compared to the environmental and historical matrices with Mantel tests. Stand dissimilarities and 
historical dissimilarities were significantly related (p<0.001) for age-class one. Environmental factors 
showed no relationship to vegetation composition in any age-class. Vegetation of wetlands in each age-class 
also was classified and described with a TWINS? AN ordination. Two main kinds of vegetation patterns 
were identified in age-class one wetlands. Phalaris arundinacea. Polygonum amphibium, and Scirpus 
Jluviatllis were common in wetlands that had réfugiai wetland habitats, e.g., ditch lines and poorly drained 
areas. These wetlands have a depauperate mudfiat annual and submersed aquatic flora. Mudflat annuals, 
such as Polygonum lapathifolium sridiAmaranthus rudis, and submersed aquatics, such as Potamogeton 
foliosus, jvere common in restored wetlands that had been effectively drained using drainage tile. Over three 
years, some of the latter wetlands became colonized by shallow emergent vegetation. The Mantel tests and 
TWINS?AN analysis demonstrate that historical effects (type of drainage) have the greatest influence over 
vegetation composition in the first year alter reflooding. 
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INTRODUCTION 
Many restored wetlands are allowed to recolonize naturally because it is believed that natural plant 
dispersal and establishment will adequately revegetate them (Mitsch and Cronk, 1992). This is particularly 
true for prairie glacial marshes that are assumed to rapidly revegetate because of vestigial seedbanks 
(Madsen, 1988; Domfeld and Warhurst, 1988). Nearly 2000 wetlands in the southern prairie pothole region 
of northern Iowa, southern Minnesota, and southeastern South Dakota were restored between 1987 and 1991 
by interrupting drainage tiles or plugging drainage ditches (Galatowitsch and van der Valk, 1993). The 
wetlands,and surrounding hillsides are usually planted to a cover crop such as brome (Bromus inennis) or 
switchgrass (Panicum virgatum) before restoration. Preliminary observations of these restorations showed 
that natural recolonization can be effective for some species in some wetlands (LaGrange and Dinsmore, 
1989a; Sewell and Higgins, 1991; and Madsen, 1988), but patterns of recolonization in recently restored 
wetlands have not been investigated in any detail. 
The emergent vegetation of many natural prairie glacial marshes is periodically eliminated by high 
water levels and must reestablish on mudflats exposed during subsequent drawdowns (van der Valk and 
Davis, 1978). Drawdowns will occur naturally in semipermanent wetlands every five to thirty years (Weller 
and Spatcher, 1965). Natural wetlands possess a large, diverse seedbank that results in rapid recolonization 
of mudflat annuals and emergent perennials when water levels recede (van der Valk and Davis, 1976). Re-
establishment of vegetation in natural wetlands is affected by several factors including the composition of 
seedbanks, water level or period of soil saturation, and the presence of a litter layer (Ekstam and Weisner, 
1991; van der Valk, 1986; van der Valk and Davis, 1978; van der Valk, 1981; van derValk, Pederson, and 
Davis, 1992). As in natural wetlands, mudflat annuals and emergent perennials may readily recolonize 
restored wetlands under suitable conditions if these wetlands still possess a sizable seedbank. In addition, 
colonization of wetland plants in restored wetlands may vary because of the factors related to past farming 
activities, including soil mixing from tillage, herbicide applications, and prolonged lowered water table. 
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Wienhold and van der Valk (1989) considered a drained prairie pothole to be in a prolonged dry 
marsh stage. However, species richness and seed density were shown to decline with increasing duration of 
drainage in wetlands in Iowa, Minnesota, and North Dakota (Wienliold and van der Valk, 1989). Some 
wetland plants are known to have long-lived seeds, remaining viable for at least 20-30 years, whereas others 
may not survive beyond a year (van der Valk, 1981). For example, Phmgmites australis seeds dispersed in 
autumn persist less than one year in the soil (Ekstam and Weisner, 1991) whereas Typha spp. and Glyceria 
maxima are known to have persistent seeds in the soil (Thompson and Grime 1979, Leek and Simpson 1987). 
About 60% of the species present in the seed banks of extant or recently drained prairie wetlands were not 
detected in wetlands that had been drained for more than 20 years (Wienhold and van der Valk, 1989), 
Extensive artificial drainage of wetlands in the region began in the early 1900s (Hewes, 1951); most restored 
wetlands have been drained for well over 20 years. 
Recolonization in wetlands with a long history of drainage and cultivation may be expected to be 
slower than for recently drained wetlands because colonization would be limited by rates of dispersal rather 
than by germination, The composition of vegetation in restored wetlands lacking a pre-drainage seedbank or 
réfugiai adult populations will likely reflect the variable dispersal capabilities of wetland species (Ekstam and 
Weisner, 1991; van der Valk, 1981). For example, wind-dispersed species such as Senecio congestus and 
Typha latifolia more rapidly colonized new polders in the Netherlands than did water-dispersed species such 
as Scirpus maritimus (van der Toom et al., 1969), Regardless of drainage duration, colonization may be 
expected to be dispersal dependent if restored wetlands initially have high water levels. High water levels 
prevent seeds of emergent plants from germinating, and seeds of many submersed species may be short-lived 
in the seed bank (van der Valk and Davis, 1979). Since most submersed aquatic plants are animal-dispersed 
rather than wind-dispersed, distance to propagule sources may affect colonization patterns (Davis, 1986). 
In this study, we sampled the vegetation for three years in 62 restored wetlands in northern Iowa, 
southern Minnesota, and southeastern South Dakota. Environmental conditions that can affect germination 
(wetland size, mean water depth, soil organic carbon) and historical factors known to affect seedbank and 
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vestigial vegetation composition (type of drainage, duration of drainage, duration of cultivation) were 
determined for each wetland. We compared the importance of each of these factors by testing to what extent 
they account for the vegetation patterns observed. These comparisons were made by considering differences 
in species composition, environmental conditions, and historical factors between pairs of wetlands. The 
extent of concordance between species distances and environmental and historical distances allowed us to 
assess the importance of each of these two factors for determining the composition of the vegetation in 
recently restored wetlands. Understanding how environmental and historical factors affect recolonization of 
restored wetlands has implications for site selection and design of future projects. 
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METHODS 
Study Sites 
Restored wetlands selected for this study are in southeastern South Dakota, southern Minnesota, and 
northern Iowa (Figure 1). The wetlands were restored in 1988, had been cultivated before restoration, and 
were mapped as a hydric soil unit (aquolls, fluvaquents, histosols) on SCS (Soil Conservation Service) county 
soil survey maps. Suitable sites were located from records obtained from wetland management offices of the 
U.S. Fish and Wildlife Service, wildlife biologists of state agencies (Iowa Department of Natural Resources 
and Minnesota Department ofNatural Resources), and the Minnesota Board of Water and Soil Resources. 
One hundred sites were initially considered, but access restrictions and uncertainties about land-use history 
eliminated 38 projects. Wetlands lacking hydric soils were excluded because these projects may be creations, 
rather than restorations, and may not have the same likelihood of being successful. Wetlands within pastures 
were excluded because artificial drainage on these sites is often incomplete and they possessed some wetland 
characteristics before restoration. 
The hydric soils of these wetlands are Hapaquolls, Mollic Fluvaquents, and Hemists (Galatowitsch 
et. al., 1993). All of the restorations are classified as freshwater wetlands, with conductivities of surface 
waters less than 800 fiS/cm (Cowardin et al., 1979). Before agricultural drainage, wetlands in these basins 
had been temporary, seasonal, and semipermanent wetlands, with sedge meadows occupying shallow water 
areas that are inundated for a few weeks a year, emergent perennials forming a zone in areas flooded for at 
least a few months a year, submersed aquatics in areas of persistent water, and mudflat annuals on areas 
exposed during drawdown (Stewart and Kantrud, 1971). 
Field Sampling 
A floristic list was compiled for each wetland during an annual midsummer site visit (1989 to 1991). 
The cover of each species was estimated for each of the following zones: open water, mudflat, vegetated 
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margin at high water line, emergent zone. Cover of each species was recorded on a seven-point scale 
(Mueller-Dumbois and Ellenberg, 1974): (r) one individual with insignificant cover; (+) few individuals with 
insignificant cover; (1) 1-5%; (2) 5-25%; (3) 25-50%; (4) 50-75%; (5) 75-100%. At least one specimen of 
most species observed during this study has been deposited at Iowa State University Herbarium. 
Nomenclature follows Great Plains Flora Association (1986). Scirpus acutus and Scirpus validus, Typha 
glauca and Typha angitstifolia, and Echinochloa muricata and Echinochloa cnisgalli could not reliably be 
distinguished in many sites because plants were immature, and not flowering. Each of these species pairs 
was grouped for the vegetation analysis. 
Hydric series indicated on SCS county soils maps were confirmed to ensure the sites were, in fact, 
wetlands before drainage. A soil core fi"om each map unit indicated on SCS county soil maps was verified its 
profile characteristics (fractions of sand, silt, clay, organic carbon, carbonates and other visible features such 
as color and mottling) to those of the published characteristics for the soil series. Fractions of sand, silt and 
clay were determined using hydrometers (Gee and Bauder, 1986). Percent total carbon of the soil samples 
was determined using a Carlo-Erba NA 1500 carbon-nitrogen analyzer. Organic carbon was also determined 
with the carbon-nitrogen analyzer after the carbonates had been liberated with an acid treatment (Hedges and 
Stem, 1984). Carbonate content was estimated by difference. None of the sites was found to lack a hydric 
soil (Galatowitsch and van der Valk, 1993). 
A water-depth gauge was installed in each wetland and water depth periodically recorded. Postcards 
with a drawing of the gauge were distributed to landowners and managers who routinely visited wetlands to 
assist in montlily water-depth monitoring (between spring and fall). Each of the 62 wetlands was surveyed in 
the field (to an accuracy of approximately 3 cm) with a survey level. The location of natural inlets and 
outlets, tile or ditch inlets and outlets, excavations, dams, islands, and the water gauge were mapped. 
Topogra|)hic maps of each wetland were prepared using SURFER, a three-dimensional computer mapping 
program (SURFER, 1985). Water surface area and mean depth were calculated for each wetland at 
midsummer of each year. 
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Agricultural Stabilization and Conservation Service (ASCS) compliance records were used to 
compile crop histories from 1980-1988 for each wetland. Crop history information from 1950-1979 was 
obtained from landowner surveys. Landowners also provided information on drainage history, including the 
year of tile or ditch installation and the frequency and duration of ponding after drainage. 
Data Analysis 
Since all wetlands did not reflood immediately after restoration, it was necessary to consider the data 
according to time elapsed since reflooding (age-classes). For example, all wetlands reflooded one year are 
in the saihe age-class, whether they reflooded in 1989,1990, or 1991. The oldest age-class includes 
information obtained from wetlands that had been flooded for three years in 1991. A matrix of stand 
dissimilarity for each age-class was constructed for comparisons with the environmental and historical 
matrices. The metric used is a semi-quantitative Sorenson's Index based on the highest cover class estimates 
for all species within each wetland (Mueller-Dumbois and Ellenberg, 1974). This index is calculated: [ 1 -
(2M\y/(M^ + Mjj))] X 100 ; where is the sum of smaller cover values of species common to wetlands 
A,B and where Mg y is the sum of all species cover values in stands A and B. 
Separate matrices of stand dissimilarity for each age class were also calculated for four guilds of 
wetland plants; (1) wet prairie and sedge meadow perennials, (2) shallow and deep emergent perennials, (3) 
submersed and floating aquatics, and (4) mudflat annuals. These plant groups or guilds are based primarily on 
water-depth tolerance (Stewart and Kantrud, 1971). Species descriptions in floras, herbarium label 
information (from the ISU collection), and personal observations were used to obtain information for guild 
classiflcation. 
An "environmental distance" between each pair of wetlands within an age class was calculated from 
midsummer water surface area, midsummer mean water depth, percent soil organic carbon in the top 20 cm. 
Environmental distances were calculated from standardized values of each parameter, following Manley 
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(1985): [ Zjj ( xjjj - Xjiç)2] 0-5 ; where xy^ is the value of variable k at wetland i and xj^ is the value of 
variable k at wetland j. 
The duration of drainage, type of drainage, number of years since 1980 that a site was used for row-
crop production, and the number of years between 1950 and 1980 a site was used for row crop production 
were used to construct "historical distances" between each pair of wetlands within an age class. There were 
two drainage types; basins drained using ditches and those drained by tile. Ditch lines generally have a 
corridor of surface water that remained in the wetland after drainage that acted as a refugium for wetland 
species. Crop history was divided into the recent period (1980-1988) and long term record (1950-1980) 
because recent land use reflected enrollment in farm programs (e.g., CRP) which took some basins out of 
cropland, whereas the long-term record reflects drainage effectiveness. For example, ineffective ditch or tile 
drained sites would be more likely to have been fallowed for many years than continuously used for row-crop 
production. The data for each parameter was ranked based on tile drainage (1) and ditch drainage (0), 
increasing duration of drainage, increasing duration of recent and long-term crop use. A matrix of historical 
distances was constructed for each age class based on ranks of each variable (Mantel and Valand, 1970); I]^ 
I rik - Tjk I ; where rj^ is the rank of variable k at wetland i and rji^ is the rank of variable k at wetland j. 
The Mantel test, a non-parametric method for comparing two distance matrices, was used to test the 
ability of environmental and historical factors to account for vegetation differences among wetlands within 
each age class (Mantel, 1967; Legendre and Fortin, 1989). The Mantel test measures the association between 
the elements in two matrices and gauges the significance of this association by comparison with the 
distribution of values found from randomly reallocating the elements of the second matrix (Manley, 1991). 
Because the explanatory variables of interest in this study are not independent, regressing distance matrices 
using standard parametric tests is not a valid alternative (Douglas and Endler, 1982). 
Mantel tests were carried out between the stand dissimilarity matrices (all plants and four guilds) for 
each age class and both distance matrices (environmental and historical). The FORTRAN code for the 
MANTEL program (Manley, 1985) was adapted for use on a DOS-based personal computer. Tests of the 
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null hypothesis were made by randomizing the second matrix 1000 times and recalculating the "g" statistic 
(the index of matrix of similarity). The 1000 "g" values comprise the statistical distribution used to determine 
the significance of observed similarity. The Bonferroni method of correcting multiple tests was used for 
testing the overall significance of the matrix similarity value from each age class (Snedecor and Cochran, 
1980). 
To describe the vegetation composition with respect to factors suggested to be important by Mantel 
tests, the wetlands of each age class were classified using TWINSPAN, an indicator analysis based on 
reciprocal averaging (Hill, 1979). The greatest cover class estimate for a species within a wetland was used 
to estimate that species' abundance. The results of the Mantel tests and the indicator and preferential species 
identified by TWINSPAN were used as the basis for the vegetation descriptions. Mantel tests are most 
appropriately used in association with more descriptive multivariate techniques such as ordination or cluster 
analysis ( Manley, 1991). 
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RESULTS 
Twenty-two of sixty-two wetlands flooded within several months after restoration in the summer of 
1988 and are included in age classes one, two and three. An additional thirteen wetlands flooded for the first 
time between the summer of 1989 and 1990 and are in age classes one and two. By the final year of the 
study, fifty-one wetlands had reflooded; 49 of these are included in age-class one. Two other wetlands were 
excluded,from analysis because their entire basins had been excavated to subsoil, creating conditions very 
different from all other sites. Eleven of the sixty-two restorations included in tlie study remained dry during 
the entire study. A flooded wetland was defined to be one that had any standing water. 
Historic factors account for a significant portion of the variation in the composition of vegetation 
wetlands in age class one (p < 0.001; Table 1). Environmental factors are not related to vegetation 
composition for any age class of restoration. The range of characteristics for the parameters included in the 
environmental and historical distances are summarized in Tables 2 and 3. While differences in historical 
factors explain differences in wetland vegetation in first-year wetlands, historical factors are not significantly 
related to the composition of any plant guild when considered separately These results suggest that 
differences attributable to historical factors primarily affect overall composition rather than the composition 
of specific plant guilds. 
Each age class of restorations can be split into two groups, indicated by the major division from 
TWINS?AN analysis. Initially, Group I is predominantly tiled wetlands from Iowa and Minnesota and 
Group II is mostly South Dakota wetlands and ditched sites (Figure 3). 
For wetlands in the first age-class, a high diversity of mudflat annuals and submersed and floating 
aquatics characterize Group I wetlands (Table 4). Typha sp., Scirpus acutus/validus, Polygonum persicaha, 
and Conyza canadensis were more widespread in Group I wetlands, as well. Group II wetlands have a higher 
frequency and/or abundance of several shallow emergent species: Polygonum amphibium, Eleocharis 
macrostachya, Scirpus Jluviatilis, and Phalaris arundinacea. The patterns were similar for subsequent 
years. Age-class two Group I wetlands included eleven submersed and floating aquatic species whereas 
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Table 1. Results of Mantel tests of correspondence between species composition and environmental, historical 
and spatial factors. Mantel tests are significant at the Bonferroni-corrected probability level of 
0.05/5=0.01 for an overall significance level of 0.05 over 5 simultaneous tests. Significant test 
indicated in box. 
Species Environmental Historical 
Guilds Distance Distance 
G Rank 
(of 1000) 
G Rank 
(of 1000) 
Age-Class 1: All Species 0.08 474 3.68 1000 
Wet Prairie/Sedge Meadow 1.41 908 1.61 938 
Shallow/Deep Emergents -1.08 131 0.18 593 
Submersed/Floating Aquatics 0.13 580 -0.44 342 
Mudflat Annuals -0.09 187 1.72 943 
Age-Class 2: All Species -0.60 198 1.39 919 
Wet Prairie/Sedge Meadow -0.83 197 -1.10 144 
Shallow/Deep Emergents 0.18 593 1.62 948 
Submersed/Floating Aquatics -2.86 6 0.84 819 
Mudflat Annuals -0.06 490 0.81 810 
Age-Class 3: All Species -0.50 391 1.00 813 
Wet Prairie/Sedge Meadow -0.85 210 0.50 665 
Shallow/Deep Emergents -0.96 23 1.07 846 
Submersed/Floating Aquatics 0.00 588 -0.11 507 
Mudflat Annuals -1.03 134 1.98 962 
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Table 2. Ranges of environmental parameters for each restoration age-class. 
Mean Standard 
Deviation 
Range 
Age-Class 1 
Midsummer Water Surface Area (ha) 1.11 2.10 0.01-9.93 
Mean Depth (cm) 17.7 15.8 0.0-64.6 
Surface Organic Carbon (%) 5.82 5.51 2.21-27.30 
Age-Class 2 
Midsummer Water Surface Area (ha) 3.13 5.40 0.02-23.74 
Mean Depth (cm) 32.6 20.7 0.6-79.8 
Surface Organic Carbon (%) 5.41 4.63 2.29-25.90 
Age-Class 3 
Midsummer Water Surface Area (ha) 2.77 5.78 0.04-27.40 
Mean Depth (cm) 38.4 20.7 3.0-83.8 
Surface Organic Carbon (%) 4.50 2.38 2.29-14.03 
Table 3. Ranges of historical parameters for each restoration age-class. 
Mean Range 
Age-Class 1 
Years of Tile Drainage 32.6 0-87 
Yearsof Cultivation (1981-1988) 4.7 0-6 
Years of Cultivation (1950-1980) 19 0-30 
Age-Class 2 
Years of Tile Drainage 31.8 0-87 
Years of Cultivation (1981 -1988) 4.6 0-6 
Years of Cultivation (1950-1980) 18.7 0-30 
Age-Class 3 
Years of Tile Drainage 32.1 0-87 
Yearsof Cultivation (1981-1988) 4.82 0-6 
Years of Cultivation (1950-1980) 19J 8-^ 
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CLASS 
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AGE 
CLASS 
TWO 
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NOT FLOODED 
THREE YEARS 
Figure 3. Wetlands included in each of the two floristic groups identified by TWINSPAN. The characteristics 
of each group for each age-class are listed by state (lA - Iowa, MN- Minnesota, SD- South Dakota) 
and drainage type (T - tile, D - ditch). 
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Table 4. Vegetation composition of restored wetlands in age-class one. Abundance is the mean cover-
estimate for wetlands where species occurred. 
Group I Group II 
(n=37) (n=12) 
Species Frequency Abundance Frequency Abundance 
' m (%) 
Wet Prairie/Sedge Meadow Perennials 
Verbena hastata 13.5 1.0 8.3 3.0 
Cirsium arvense 45.9 1.1 50.0 1.3 
Carex sp. 21.6 1.0 25.0 1.5 
Rumex crispus 18.9 1.1 33.3 1.0 
Conyza canadensis 27.0 1.0 0.0 0.0 
Poa praiensis 10.8 1.3 33.3 2.0 
Eleocharis sp. 13.5 1.0 0.0 0.0 
Polygonum persicaha 18.9 1.2 0.0 0.0 
Asclepias incarnata 10,8 1.0 8.3 1.0 
Urtica dioicia 5.4 1.0 25.0 2.3 
Juncus dudleyi 5.4 1.0 16.6 1.5 
Solidago canadensis 2.7 1.0 25.0 1.0 
Mimulus ringens 5.4 1.0 8.3 3.0 
Juncus torreyi 5.4 1.0 0.0 0.0 
Shallow and Deep Emergent Perennials 
Typha spp. 40.5 1.7 8.3 1.0 
Polygonum amphibium 51.3 1.2 75.0 2.1 
Scirpus fluviatilis 43.2 1.4 41.7 2.8 
Phalaris arundinacea 29.7 1.3 66.7 2.3 
Scirpus acutus/validus 27.0 1.3 0.0 0.0 
Sparganium eurycarpum 16.2 1.0 8.3 1.0 
Alisma triviale 10.8 1.5 8.3 1.0 
Eleocharis macrostachya 0.0 0.0 41.7 2.2 
Sagittaria latifolia 10.8 1.0 0.0 0.0 
Submersed and Floating Aquatics 
Lemna minor 32.4 1.8 16.7 1.0 
Potamogeton foUosus 21.6 1.0 0.0 0.0 
Utricularia vulgaris 10.8 0.0 0.0 0.0 
Potamogeton nodosus 8.1 1.0 8.3 1.0 
Potamogeton pectinatus 5.4 1.0 0.0 0.0 
Lemna trisulca 5.4 2.5 0.0 0.0 
62 
Table 4. cont. 
Group I Group II 
(n=37) (n=12) 
Species Frequency Abundance Frequency Abundance 
(%} 
Mudflat Annuals 
Amaranthus rudis 59.5 1.7 0.0 0.0 
Polygonum pensylvanicum 56.8 1.4 16.6 1.0 
Chenopodium album 43,2 1.4 8.3 l.O 
Echinochloa spp. 45.9 1.6 0.0 0.0 
Rorippa palustris 35.1 1.0 16.7 1.0 
Polygonum iapathifolium 32.4 1.8 8.3 1.0 
Hordeum jubatum 21.6 1.5 41.7 1.4 
Bidens cernua 13,5 1.2 16.7 1.0 
Xanthium strumarium 13.5 1.0 16.7 1.0 
Ranunculus scleratus 10.8 1.0 0.0 0.0 
Eleocharis acicularis 8.1 1.0 0,0 0,0 
Cyperus strigosus 8,1 1.0 0.0 0.0 
The following species are not included in the table because they only occurred in one basin: Equisteum 
hyemale, Stachys palustris, Lythrum alatum, Potamogeton pusillus. 
63 
Group II had five (Table 5). Potamogeton foliosus, Potamogeton pectimtus, and Potamogeton nodosus, in 
particular, were more widespread among Group I than Group II wetlands. Three mudfiat annual species, 
Polygonum lapathifolium, Echinochloa sp., and Polygonum pensylvanicum, were more abundant in Group I 
than Group II wetlands. Sagittaria latifolia, Scirpus acutus/validus, and Sparganium eurycarpum more 
fi'equently occurred in Group I wetlands, whereas PhalaHs anmdinacea, Scirpus Jluviatills, Lycopus 
americanus, and Poa pratensis were more widespread and/or abundant in Group II wetlands. For wetlands 
in the third age-class, the total diversity of submersed aquatics is more comparable between Group I and II 
than in previous years, although several species including Potamogeton foliosus, Lemna trisulca, and 
Ceratophyllum demersum were more abundant in Group I wetlands (Table 6). Bidens cernua, Amaranthus 
nidis, and Polygonum lapathifolium were among the mudfiat annuals more common in Group I wetlands. 
Several emergent species were also more common among Group I sites, Typha glauca/angustifolia, Scirpus 
acutus/validus, and Sagittaria latifolia whereas Phalaris arundinacea was considerably more abundant in 
Group II wetlands. Some wet meadow species including Carex sp., Carex vulpinoidea, and Stachys palustris 
were more frequent in Group II wetlands. Others were more frequent in Group I wetlands: for example, 
Rumex crispus, Juncus dudleyi, and Conyza canadensis. 
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Table 5. Vegetation composition of restored wetlands in age-class two. Abundance is the mean cover class 
estimate for wetlands where species occurred. 
Species 
Group I 
(n=21) 
Frequency 
(%) 
Abundance 
Group II 
(n=14) 
Frequency Abundance 
Wet Prairie/Sedge Meadow Perennials 
Rumexcrispus 57,1 1,3 50.0 1,0 
Lycopus americanus 0.0 0.0 35.7 1.0 
Verbena hastata 23.8 1.0 28.6 1.0 
Poapratensis 0.0 0.0 28.5 1.3 
Carexsp. 4.8 1,0 21,4 1,0 
Equisetum hyemale 0,0 0.0 21.4 0.0 
Scirpus atrovirens 33.3 1.7 14.3 2,0 
Juncus dudleyi 4,8 1.0 14,3 1.0 
Solidago canadensis 4.7 2.0 14.3 1,0 
Eleocharis etythropoda 0.0 0.0 14,3 1,5 
Asclepias incarnata 9.5 1,0 14,3 1.0 
Juncus torreyi 19.0 1.0 7.1 3.0 
Conyza canadensis 23,8 1,0 7.1 1.0 
Eleocharis sp. 23.8 1.0 7.1 1.0 
Cirsium arvense 57.1 1.5 6.4 1.4 
Polygonum persicaria 9.5 1,5 0,0 0.0 
Shallow and Deep Emergent Perennials 
Phalaris arundinacea 19,0 1.5 100.0 2.6 
Polygonum amphibium 100.0 1.3 85.7 1.5 
Typha glauca/angustifolia 76,2 1.2 71.4 1.3 
Scirpus Jluviatilis 71.4 1,3 64.3 2.0 
Scirpus acutus/validus 71.4 1.3 42.8 1.7 
Alisma triviale 33,3 1,0 35.7 1.0 
Eleocharis macrostachya 4.8 2.0 21.4 1.0 
Glyceria grandis 4.8 2.0 14.3 1.0 
Carex atherodes 4.8 2.0 7.1 1.0 
Sagittaria latifolia 42.8 1.1 0.0 0,0 
Sparganium eurycarpum 23.8 1.6 0.0 0.0 
Submersed and Floating Aquatics 
Potamogeton foliosus 71.4 2.6 42.8 1.0 
Lemna minor 57,1 1,7 42.8 2.5 
Potamogeton pectinatus 47.6 1.5 14.3 1.0 
Lemna trisulca 28.6 1.5 7.1 1.0 
Ceratophyllum demersum 19.0 1.5 7.1 1.0 
Utricularia vulgaris 28.6 1.8 0.0 0.0 
Potamogeton nodosus 42,8 1,1 0.0 0.0 
Potamogeton zosteriformis 19,0 1.0 0.0 0,0 
Najas flexilis 23.8 1,0 0,0 0.0 
Potamogeton pusillus 19.0 2,3 0.0 0.0 
Myriophyllum exalbescens 9,5 1.0 0,0 0,0 
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Table 5. cont. 
Group I Group II 
(n=21) (n=14) 
Species Frequency Abundance Frequency Abunda 
(%) (%) 
Mudflat Annuals 
Polygonum lapathifolium 42.8 2.3 50.0 1.0 
Echinochloa sp. 76.2 2.0 42.8 1.0 
Polygonum pensylvanicum 66.7 2.2 42.8 1.0 
Amaranthus rudis 33.3 1.4 35.7 1.0 
Hordeum jubatum 23.8 1.3 28.6 1.0 
Rorippa palustris 42.8 1.0 28.6 1.0 
Cyperus strigosus 9.5 1.0 21.4 1.0 
Bidens cernua 14.3 1.3 14.3 1.0 
Ranunculus scleratus 14.3 1.0 14.3 1.0 
Chenopodium album 23.8 1.0 14.3 1.0 
Eleodharis acicularis 9.5 1.0 7.1 1.0 
Eleocharis obtusa 4.8 1.0 7.1 1.0 
Xanthium strumarium 33.3 1.3 0.0 0.0 
The following species are not included in the table because they only occurred in one basin; Spartina 
pectinata, Calamagrostis canadensis, Mimulus ringens, Slum suave, Stachys palustris. All of these species 
were found in Group II basins. 
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Table 6. Vegetation composition of restored wetlands in age-class three. Abundance is the mean cover class 
estimate for wetlands where species occurred. 
Group I Group II 
(n=13) (n=9) 
Species Frequency Abundance Frequency Abundance 
Wet Prairie/Sedge Meadow Perennials 
Cirsium arvense 69.2 1.1 88.9 2.0 
Carex vulpinoidea 23.0 2.0 55.5 1.0 
Carex sp. 0.0 0.0 44.4 1.8 
Stachys palustris 7.7 1.0 33.3 1.0 
Verbena hastata 38.5 I.O 33.3 1.0 
Rumex crispus 46.1 1.0 22.2 1.0 
Calamagrostis canadensis 0.0 0.0 22.2 1.0 
Scirpus atrovirens 30.8 2.0 22.2 1.0 
Juncus torreyi 30.8 1.5 22.2 1.0 
Poa pratensis 7.7 2.0 22.2 2.0 
Equisetum hyemale 15.4 2.0 1.0 
Juncus dudleyi 30.8 1.0 1,0 
Leersia oryzoides 23.0 1.0 5.0 
Asclepias incarnata 23.0 1.0 1,0 
Eleocharis sp. 15.4 1.0 1,0 
Eleocharis etythropoda 15.4 1.0 0.0 0.0 
Mimulus ringens 23.0 1.0 0.0 0.0 
Conyza canadensis 30.8 1.0 0.0 0.0 
Shallow and Deep Emergent Perennials 
Polygonum amphibium 92.3 1.0 100.0 2.0 
Typha glauca/angustifolia 92.3 2.6 88.9 1.8 
Scirpus fluviatilis 100.0 2.2 88.9 1.8 
Phaiaris arundinacea 46.1 1.1 66.7 3.5 
Scirpus acutus/validus 92.3 2.8 66.7 1.5 
Alisma triviale 69.2 1.3 66.7 1.0 
Eleocharis macrostachya 53.8 1.4 44.4 1.3 
Sparganium eurycarpum 30.8 2.5 33,3 3,0 
Sagittaria latifolia 61.5 1.0 14.3 1,0 
Carex atherodes 15.4 1.0 11.1 3,0 
Typha latifolia 23.0 1.3 0,0 0.0 
Sium suave 15.4 1.0 0.0 0.0 
Submersed and Floating Aquatics 
Potamogeton foliosus 100.0 2.9 88.9 1.1 
Lemna minor 84.6 2.5 66.7 2.0 
Potamogeton pectinatus 84.6 2.1 55.5 1.0 
Lemna trisulca 69.2 2.4 50.0 1.5 
Potamogeton nodosus 61.5 1.4 33,3 1,0 
Ceratophyllum demersum 53.8 2,6 22,2 1,5 
Utricularia vulgaris 76.9 2.4 22.2 3.0 
Potamogeton zosteriformis 53.8 1.3 22.2 1.0 
Potamogeton pusillus 23.1 2.0 22.2 1.0 
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Table 6. cont. 
Group I Group II 
(n=21) (n=14) 
Species Frequency Abundance Frequency Abundance 
(%) (%) 
Myriophyllum exalbesc ens 15.4 1.5 22.2 1.0 
Spirodela polyrhiza 23.1 2.0 0.0 0.0 
Najas Jlexilis 38.5 2.0 0.0 0.0 
Mudflat Annuals 
Echinochloa sp. 61.5 2.0 55.5 2.5 
Hordeum jubatum 23.0 1.3 55.5 1.4 
Bidens cernua 61.5 3.1 33.3 2.0 
Polygonum pensylvanicum 38.5 1.0 22.2 1.0 
Rorippa palustris 38.5 1.0 22.2 2.5 
Eleocharis acicularis 38.5 1.2 22.2 1.0 
Eleocharis obtusa 7.7 1.0 22.2 2.0 
Amaranthus rudis 69.2 1.8 11.1 1.0 
Cyperus sp. 7.7 1.0 11.1 1.0 
Polygonum lapathifolium 61.5 1.4 0.0 0.0 
Cyperus strigosus 38.5 2.4 0.0 0.0 
Ranunculus scleratus 15.4 2.0 0.0 0.0 
Chenopodium album 15.4 1.0 0.0 0.0 
Xanthium strumarium 38.5 1.5 0.0 0.0 
The following species are not included in the table because they only occurred in one basin: Mentha arvensis, 
Lycopus americanus, Solidago canadensis, Spartina pectinata, Urtica dioica and Glyceria grandis. All of 
these were found in Group II basins. 
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DISCUSSION 
Common species reported from other studies to recolonize restored prairie wetlands were found in 
th e  w e t l a n d s  o f  t h i s  s t u d y ,  a s  w e l l .  L a G r a n g e  a n d  D i n s m o r e  ( 1 9 8 9 )  o b s e r v e d  P o l y g o n u m  s p . ,  S c i r p u s  s p . ,  
Typha sp., Leersia sp., and Alisma sp., as well as Ceratophyllum sp. and Lemna sp. from restored marshes in 
Iowa. Similarly, Sewell and Higgins (1991) reported emergents (Typha sp.. Polygonum amphibiiim, Phalaris 
antndincea, Scirpus Jluviatilis, and Alisma triviale) and free-floating and submersed aquatics (Lemna 
trisulca, Lemna minor, and Utricularia vulgaris) m more than 10% of one to three year old restored marshes 
in Minnesota and South Dakota. In addition, emergent species, Scirpus acutus/validus and Sparganium 
eurycarpum, and submersed species, Potamogeton foliosus and Potamogeton pectinatus, were commonly 
foimd in restored wetlands in our study. 
The two groups distinguished with the TWINSPAN analysis each year represent two distinct species 
assemblages. Restored wetlands within Group 1 have a mudflat perimeter colonized primarily by mudflat 
annuals and a few sedge meadow species, and an open-water area of submersed and floating aquatics. In 
contrast, restorations in Group 2 have a periphery and shallow water zone dominated by shallow emergent 
species with fewer mudflat annuals and submersed and floating aquatics. These basic characteristics of each 
group are common to all three age-classes, although differences between the two groups became less 
pronounced over time. Eigenvalues of the variation accounted for by the grouping were 0.393 for age-class 
one restorations, 0.369 for age-class two restorations, and 0.346 for age-class three restorations. Likewise, 
44% of the flora was unique to either group in age-class one, 33.9% in age-class two, and 30.6% in age-class 
three. 
The wetlands of Group 2 in the first year after flooding include most of the ditched wetlands and all 
of the South Dakota restorations. Réfugiai populations of shallow emergent species such as Phalaris 
arundinacea are common along ditch lines of drained wetlands and expanded into newly flooded areas within 
the first year. Populations of these species also exist in tiled wetlands that are not efficiently drained. 
Réfugiai populations are apparently less important in Group I wetlands which are predominantly tiled Iowa 
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wetlands. Mantel tests indicated that historic differences (i.e., type of drainage, drainage duration, and crop 
duration) accounted for a significant portion of the variation in vegetation composition of age-class one 
basins. The index of matrix similarity declines from 3.68 in age-class one (p < 0.001), to 1.39 in age-class 
two (p= 0.08), and 1.00 in age-class three (p=0.19). The proportion of wetlands included in Group II 
increased in these older age-classes. Some wetlands included in Group I for the first age-class became 
vegetated by shallow emergent species to the extent that they were more like the original Group II wetlands 
in age-classes two and three. Three wetlands actually moved from the Group II to Group I, indicating a loss 
of shallow emergent vegetation. In all three of these instances, increases in water level (approximately 1 m) 
between years killed the vegetation that had become established immediately after restoration. The lack of a 
significant Mantel test in age-classes two and three may, in part, be because the frequency and duration of 
ponding after drainage could not be estimated and included as a historical factor. The number of years a 
wetland was used for crop production was included as an approximation of drainage efficiency. Landowner 
surveys indicated that some basins rarely flooded while others flooded for several weeks a year since ditch or 
tile drainage. However, this information could not be reliably quantified because this measure has year-to-
year variability, unlike the other historical factors included. 
The importance of remnant wetland plant populations for replenishing the seedbank was noted by 
Wienhold and van der Valk (1989). Much of initial revegetation of restorations was likely the result of 
expansion of such populations that withstood drainage and cultivation. Consequently, the wetlands within 
Group II the first year include ditched wetlands and several tiled wetlands that often could not be cultivated. 
The populations of shallow emergents. Polygonum amphibium, Phalaris arundinacea, and Scirpus JIuviatilis 
were large, vegetatively reproducing individuals, even the first year after flooding. In fact, many wetland 
species were found in wetlands before they had reflooded. Table 7 lists 49 wetland species found in wetlands 
before flooding. The most widespread emergent perennials in diy wetlands were Phalaris arundinacea and 
Polygonum amphibium. 
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The seedbanks of most of wetlands would not be expected to contribute much to revegetation after 
restoration (Wienhold and van der Valk, 1989). The mean drainage duration for all age-classes is 32 years. 
In Wienhold and van der Valk's study, 30-year drained wetlands had less than 10% of the seed density and 
approximately 50% of the species diversity of extant wetlands. Only two tiled wetlands in our study were 
drained for less than twenty years; one wetland was drained five years and another for eight years before 
restoration. Both sites were included in Group I throughout the study and had a vegetative composition 
comparable to other tiled wetlands the first year after flooding. However, by the second and third years these 
wetlands were clearly different from other tiled wetlands. The wetland drained for eight years had a cover of 
Scirpus atrovirens exceeding 50% across the wetland. The wetland drained for five years also had high 
coverage of Scirpus atrovirens, along with Carex vuipinoidea in shallow areas. This wetland had the highest 
species diversity of any tiled wetland, with 39 species. 
DifiTerential dispersal may explain some floristic differences among wetlands. Proximity to natural 
wetlands, for instance, could result in differences in the number of species reaching restored wetlands (Davis, 
1986), Although the few published reports of transport of wetland seeds by animals have emphasized the 
potential for extremely long-distance dispersal (continental), DeVlaming and Proctor (1968) noted the 
importance of repeated, short-distance dispersal events. Wolek (1983) reviewed the distribution of lemnids 
from 1,945 sites and found that the combinations of species fit a random distribution. He concluded that 
random dispersal of propagules, rather than environmental requirements of species, determined species 
distributions. Spatial factors, such as the proximity, number, and extent of nearby wetlands, would be 
possible measures related to dispersal. More than one-half of the wetlands of age-class one (51%) were 
within 2 km of a semipermanent or permanent wetland; less than one-fourth (22.4%) were further than 5 km 
from a semipermanent or permanent wetland. However, none was more distant than the 13 km waterfowl 
(probable dispersers of many species) were found to travel in Iowa between shallow foraging ponds used 
during the day and permanent wetlands used at night (LaGrange and Dinsmore, 1989b). The number and 
71 
extent of nearby wetlands within a given radius of a restored wetland could not be quantified from available 
information in our study. 
Invasions of emergent species were likely important in wetlands with long term, complete drainage 
(and consequently a depauperate seedbank) and for other species not typically represented in seedbanks or as 
réfugiai populations. For example, dispersal may have been responsible for the rapid colonization of some 
submersed and floating aquatics in wetlands that had been drained and cultivated for many years. Unlike 
mudflat annuals, emergent perennials, and sedge meadow perennials, submersed and floating aquatics will 
generally not maintain refiigial adult populations throughout drainage and cultivation. Only Lemna minor 
was found growing along ditch margins prior to reflooding in restorations (Table 7). Seeds of many 
submersed aquatics may not persist in the seedbank of drained wetlands. Muenscher (1936) found that seeds 
of 20 species of Potamogeton (including those species observed in our study) failed to germinate after being 
air dried for two months, whereas seeds that remained wet readily germinated. The Potamogeton seeds that 
did not germinate were dead, not dormant. In our study, two age-class three wetlands did not acquire 
Potamogeton species, eight had one or two species, and twelve had three to five species. 
The failure of environmental factors to explain recolonization patterns seems surprising, given what 
is known of the importance of soil moisture and water depth to natural regeneration in prairie marshes (e.g., 
van der Valk, 1981; Galinato and van der Valk, 1986). There are two possible explanations for this lack of 
correspondence: (I) all the restorations were essentially identical with respect to the measured environmental 
variables, (water depth, size, soil organic carbon) or (2) suitable conditions to allow most species to colonize 
exist at least periodically. The first reason does not seem satisfactory since restorations included in the study 
had considerable variability for each environmental factor. The second possibility appears more reasonable. 
The presence of mudfiats along the perimeter of the wetlands were suitable for the establishment of mudflat 
annuals and emergent perennials and even small, shallow patches of open water were colonized by submersed 
and floating aquatics. Stands of emergent vegetation were observed to begin from seed on the marginal 
mudflats of Group I wetlands. As emergent vegetation becomes more dense in shallow water, the cover of 
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Table 7. Vegetation composition of dry basins the year previous to flooding or the last year of the survey (if 
they remained dry). Abundance is the mean cover class estimate for wetlands where species occurred. 
Dry Basins 
(n=40) 
Frequency Abundance 
(%) 
Wet Prairie/Sedge Meadow Perennials 
Cirsium arvense 47.5 1.8 
Conyza canadensis 40.0 1.3 
Rumex crispus 30.0 1.0 
Urtica diocia 20.0 1.3 
Solidago canadensis 17.5 1.0 
Verbena hastata 15.0 1.0 
Poa pratensis 12.5 1.8 
Carex vulpinoidea 7.5 1.2 
Eleocharis sp. 7.5 1.0 
Carex sp. 5.0 1.0 
Scirpus atrovirens 5.0 2.5 
Asciepias incarnata 5.0 1.0 
Eleocharis erythropoda 5.0 1.5 
Mentha arvensis 5.0 1.0 
Polygonum hydropiper 2.5 1.0 
Lythrum alatum 2.5 2.0 
Equisetum hyemale 2.5 1.0 
Juncus dudleyi 2.5 1.0 
Leersia ory'zoides 2.5 3.0 
Heracleum lanatum 2.5 1.0 
Stachys palustris 2.5 1.0 
Rumex stenophylla 2.5 1.0 
Eupatorium perfoliatum 2.5 1.0 
Juncus torreyi 2.5 1.0 
Shallow and Deep Emergent Perennials 
Polygonum amphibium 27.5 1.1 
Phalaris arundinacea 22.5 1.7 
Typha spp. 15.0 1.1 
Carex atherodes 10.0 1.3 
Scirpus acutus/validus 7.5 1.0 
Eleocharis macrostachya 7.5 1.2 
Scirpus fluviatilis 5.0 1.8 
Sparganium eurycarpum 5.0 1.0 
Alisma triviale 2.5 1.0 
Sium suave 2.5 1.0 
Submersed and Floating Aquatics 
Lemna minor 5.0 2.0 
' Species 
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Table 7. cont. 
Dry Basins 
(n=40) 
Species Frequency Abundance 
(%) 
Mudilat Annuals 
Chenopodium album 90.0 1,2 
Polygonum pensylvanicum 45.0 1.7 
Rorippa palustris 30.0 1.0 
Amaranthus rudis 30.0 1.4 
Hordeum Jubatum 25.0 1.7 
Polygonum lapathifolium 25.0 2.2 
Echinochloa sp. 22,5 1.3 
Xanthium strumarium 20.0 1.0 
Cyperus aristatus 7.5 1,0 
Cyperus strigosus 5,0 1.0 
Eleocharis acicularis 2.5 1.0 
Lindernia dubia 2.5 1.0 
Hibiscus trionum 2.5 1.0 
Gratiola neglecta 2.5 1.0 
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rooted submersed aquatics may be limited, as they are in natural marshes, because of exploitative competition 
(Buttery and Lambert 1965; Grace and Wetzel, 1981; Grace, 1987). Additional environmental factors that 
may improve prediction of colonization of wetlands within the first three years include a measure of water 
regime that takes into account seasonal water fluctuations and areal estimates of potential vegetation zones, 
for instaiice, area within each elevation (rather than using mean depth). 
Although altogether 58 wetland species were observed in restored wetlands within three years of 
reflooding, natural colonization has not resulted in a vegetation composition similar to natural wetlands. In a 
review of floristic lists from prairie wetlands in Iowa, high-quality natural wetlands (such as state preserves) 
each had between 57 and 126 wetland species and typical natural wetlands each had between 31 and 51 
wetland species (Galatowitsch and van der Valk, 1993). For age-class three restored wetlands, each had 
between 8 and 38 wetland species; however, only four have more than 25 species. The greatest differences 
between restored and natural wetlands are for wet prairie and sedge meadow species (Galatowitsch et al., 
1993; Galatowitsch and van der Valk, 1993). Shallow emergent species of restored wetlands are often less 
diverse than in natural wetlands, although a few species readily establish and expand to fonn a recognizable 
zone (Galatowitsch et. al., 1993). Deep emergents, submersed aquatics, and floating aquatics have a similar 
species diversity to that of natural wetlands. 
The most widepread and common wet prairie/sedge meadow species of restored wetlands in this 
study is an alien species, Cirsium arvense. The most common species of natural prairie wetlands in the 
region, Carex lanuginosa (Galatowitsch and van der Valk, 1993) was not identified in restored wetlands 
(although some non-flowering populations may be present in four sites), and Calamagrostis canadensis, 
Spartina pectinata, and Stachys palustris were found in one to four sites. The occurrences of these species 
(with the exception of one Stachys paiustris population) were found on ditched wetlands that likely harbored 
populations of these species throughout drainage. Sedge meadow species are not believed to have persistent 
seed banks (Galatowitsch and van der Valk, 1993; van der Valk and Davis, 1979). It is unknown if sedge 
meadow species are failing to disperse or failing to establish after dispersal. However, Carex sp. often have 
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low seed production which likely limits dispersal (van der Valk and Davis, 1979), Further study is needed to 
determine the limitations of natural colonization of wet prairie and sedge meadow species in restored prairie 
wetlands. 
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ABSTRACT 
The vegetation and seedbank composition of ten restored wetlands in northern Iowa were compared to 
those of ten natural wetlands to see if the vegetation of restored wetlands resembled that of natural wetlanda. 
The restored wetlands had been drained and cultivated for over 20 years before reflooding and were not 
replanted as part of the restoration. The mean number of species in the flora of the natural wetlands was 45.8 
species per basin; the restored wetlands had a mean of 26.9 species per basin. Seedbanks of the natural 
wetlands were also more diverse than those of the restored wetlands, with a mean of 15 species for the natural 
wetlands and 8 species for the restored wetlands. Wet prairie and sedge meadow species, including many 
Carex spp., are poorly represented in the flora of the restored wetlands. Thirty-seven wet prairie and sedge 
meadow species were not found in the restored wetlands, including typical dominant species, Carex 
lanuginosa and Calamagrostis canadensis. Instead, the margins of the restored wetlands were occupied by 
mudflat ànnuals (e.g., Bidens cemua) and to a lesser extent, by emergent perennials, such as Sparganium 
eurycarpum and Scirpus validus. Shallow emergent and floating annual species richness was also lower in the 
restored wetlands. Deep emergent species, such as Typha angustifolia and Scirpus acutus, had similar richness 
in the natural and restored wetlands. Shoot densities of some species, Scirpus Jluviatilis, Polygonum 
amphibium, and Phalaris arundinacea were greater in the natural wetlands than in the restored wetlands. 
Scirpus acutus/validus are more dense in restored wetlands at the wetland margin. Submersed aquatics, 
including Potamogeton spp., were more diverse and abundant in the restored wetlands than in the natural 
wetlands. The restored wetlands had a mean of 5.8 submersed aquatic species per basin, whereas the natural 
wetlands had a mean of 1.2 species per basin. 
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INTRODUCTION 
Prairie potholes are not planted to wetland species during restoration because observations suggested 
wetland vegetation recolonizes within a year or two (LaGrange and Dinsmore, 1989; Madsen, 1988; Sewell 
and Higgins, 1991). However, these past surveys of revegetation in restored prairie potholes entailed listing 
plants found and did not include any comparison to natural wetlands. Since similar natural wetlands are 
logical baselines for measuring the success of restored wetlands, revegetation of restored wetlands is most 
appropriately evaluated when compared with natural wetlands. 
Vegetation in restored wetlands can potentially reestablish from three sources: réfugiai adult plant 
populations, remnant seed banks, and newly dispersed seeds and propagules. Wienhold and van der Valk 
(1989) noted that some species, such as Scirpus Jluviatilis and Scirpus validus, appear to vegetatively persist 
through drainage and cultivation in some basins. Wienhold and van der Valk (1989) also showed that seeds of 
wetland plants will be present in basins that have been drained and cultivated. However, they found that seed 
density and species richness declined with increasing duration of drainage. Only 40% of the species in the 
seedbanks of extant or recently drained wetlands were found in wetlands drained for more than 20 years. Very 
little is known about the role of dispersal in recolonizing restored wetlands. Waterfowl are suspected to be a 
primary vehicle of dispersal of some wetland plants (deVlaming and Proctor, 1968; Gill, 1974; Powers et al, 
1978). However, dispersal of wetland plants may not be rapid. Based on a survey of the floristics of ponds 
created between 25 and 250 years previous, Godwin (1923) concluded that land barriers considerably slow the 
dispersal of wetland vegetation. 
Restored prairie wetlands are considerably more isolated than they were before agricultural drainage: 
less than 11% of the wetlands remain in the agricultural portions of the prairie pothole region (Dahl, 1990). 
So, dispersal today may not be the reliable source for new propagules that it may have been in the past (van 
der Valk and Pederson, 1989). Many restored wetlands, especially in southern Minnesota and northern Iowa, 
have been drained and cultivated for more than fifty years (Galatowitsch and van der Valk, 1993b). Therefore, 
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wetland seedbanks are likely depauperate. Thus, observations that restored wetlands quickly revegetate are not 
consistent with what is known about potential modes of recolonization. In this study, we will compare the 
floristic composition, vegetation patterns, and seedbank composition of ten recently restored wetlands that had 
been tile drained and cultivated for more than twenty years to ten comparable natural wetlands. The objectives 
of the study are to determine (1) how closely the vegetation of restored wetlands resembles natural wetlands 
after three years of reflooding, (2) which species are becoming established first in restored wetlands and (3) the 
role of seed banks in the revegetation of restored wetlands. 
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METHODS 
Selection of Study Sites 
Ten basins were selected from 62 basins that were being monitored as part of a study of restored 
prairie wetlands (Galatowitsch and van der Valk, 1993b). All basins included in this study are palustrine 
wetlands that had been cultivated before restoration, were on hydric soils, and were restored in 1988. Pasture 
sites were excluded because they often are imperfectly drained. Of these 62 basins, twenty-two had 
maintained some water past midsummer in 1989 and 1990, the first two years natural drainage had been 
restored. Ten of the twenty-two flooded basins were selected for this study because they were tile drained, had 
flooded across most of the basin area for most or all of the past two growing seasons, and were restored to be 
seasonal or semipermanent wetlands (Figure 1). All sites chosen are in northern Iowa. A nearby natural 
wetland that had a similar size and water regime was selected for each restored wetland (Table 1). All sites 
are classified as freshwater wetlands with mean specific conductance of water between 233 pS/cm and 748 |x 
S/cm (Cowardin et al., 1979). 
Table 1. The size and mean depth of the ten restored and ten natural wetlands included in this study. Neither 
parameter differs significantly between restored and natural wetlands (t-test, p > 0.05). 
Size (ha) Mean Depth (cm) 
Type of Wetland Mean Range Mean Range 
Natural 2.3 1.1-6.0 33.5 18.6-54.5 
Restored 2.4 0.5-6.6 45.4 16.1-83.3 
PRAIRIE POTHOLE 
REGION 
RESTORED WETLANDS 
NATURAL WETLANDS 
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General Methods 
A topographic field survey was made of each basin to an accuracy of +/- 3 cm using a surveying 
level. Topographic maps were produced by using SURFER (1985). The high-water elevation was taken to be 
the level of the primary spillway or stand pipe elevation for restored wetlands and the elevation of the water 
level in April 1991 for natural wetlands when water levels were the highest during 1991. A water level gauge 
was installed in each wetland before the survey; its location was mapped during the survey. Water levels in 
each basin were recorded monthly from April to October 1991. A maximum drawdown depth for each basin 
was calculated as the difference between the maximum and minimum water depths recorded during this period. 
For each basin, the proportion exposed and area exposed was estimated Irom minimum and maximum water 
surface area generated fi'om SURFER. 
Floristic Survey 
A list of plant species was developed for each site based on observations from monthly site visits 
(April to October, 1991). The cover of each species found at a site was estimated for each of the following 
general areas: open water, mudflat, emergent zone, wet prairie/ sedge meadow. The seven-point cover scale 
of Mueller-Dumbois and Ellenberg (1974) was used; (r) one individual with insignificant cover; (+) few 
individuals with insignificant cover; (1) 1-5%; (2) 5-25%; (3) 25-50%; (4) 50-75%; (5) 75-100%. Voucher 
specimens have been deposited in the Ada Hayden Herbarium of Iowa State University. Nomenclature follows 
the Great Plains Flora Association (1986). 
Vegetation Sampling 
Vegetation plots were established at four elevations; 0 m, (high-water line), and at 0.15 m., 0.30 m., 
and 0.60 m below the high-water line. Five one-meter square plots were randomly located on each isohyet. 
The vegetation within these plots was sampled in late July 1991. The shoot density of all species (except 
submersed or floating aquatics) was recorded, along with the number of flowering shoots. The total cover of 
89 
all species within each plot also was estimated. Scirpus acutus and Scirpus validus, Typha glauca and Typha 
angustifoUa, and Echinochloa muricata and Echittochloa cmsgalli were combined in shoot counts because 
immature plants could not be distinguished. 
Seedbank Sampling and Assay 
Separate seedbank samples were also collected from the same four elevations. Sediment was 
collected using a 7.5 cm diameter core to a depth of 5 cm. Cores were taken at five random locations at each 
elevation in late April, 1991. Sediment samples from each elevation were combined, mixed, bagged, and 
stored in a cold room (at 4 "C) until late May 1991. 
Each seedbank sample was sieved to remove litter, roots and tubers and divided into two subsamples. 
One set of subsamples was maintained in the under saturated conditions (drawdown treatment), the other under 
flooded conditions (flooded treament) in a greenhouse for four months from May to September, 1991. van der 
Valk and Davis (1976) suggested maintaining one portion of a sample underwater to assay for submersed 
aquatics and another portion saturated for emergents and meadow species. A layer of sterilized sand was first 
placed in each 19.5 cm x 19.5 cm x 6 cm plastic flat and then covered by wetland sediment. About 500 cm^ 
sand was used for saturated samples and 200 cm^ for flooded samples. Two hundred cm^ of wetland sediment 
covered the sand layer in all flats. A water depth of four to five cm was maintained over the surface of the 
flooded flats. Soil in saturated flats were maintained by watering them once or twice daily. Samples within a 
treatment were completely randomized. Eight flats with sterile sand and soil were also placed at random on the 
bench to test for contamination of samples from greenhouse sources. No seeds germinated in these control 
flats. 
Seedlings were counted and removed as they reached an identifiable stage. Most viable seeds should 
have germinated within the four-month assay period: past studies have shown that 90% of temperate wetland 
seedlings recruited within the first three months (Pederson, 1983). At the end of four months, all remaining 
unknown seedlings were transferred to pots and grown to an identifiable stage. 
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Analysis 
Wetland plants were classified into eight guilds based on life history strategy (sensu van der Valk, 
1981 and Stewart and Kantrud, 1971) and water-depth tolerance: wet prairie perennials, sedge meadow 
perennials, shallow emergent perennials, deep emergent perennials, submersed aquatics, floating annuals, 
mudflat annuals, and woody plants. Species descriptions in floras and herbarium label information (from the 
ISU collection) along with personal observations were used to obtain information for guild classification. The 
data for each component of the study (seedbank, vegetation composition, floristics) was grouped by guild for 
interpretation. The total numbers of species in each guild in restored and natural wetlands were compared with 
a Wilcoxon Rank Sum test. 
The proportion of basins in which each species was found, along with an average abundance measure 
for these basins were plotted for each sampled elevation. The abundance measure for an elevation within a 
basin is the sum of cover-class estimates for five plots: (1) "r" and "+", (2) 1-5 % cover, (3) 5-25% cover, (4) 
25-50% cover, (5) 50-75% cover, and (6) 75-100% cover. The maximum obtainable abundance score is 30; 
however, the maximum score achieved was 13.5. Stem densities of shallow and deep emergent species 
common to restored and natural wetlands were compared with the Wilcoxon rank sum test (Hollander and 
Wolfe, 1973). Statistical comparisons of stem densities of species in other plant guilds were not needed 
because natural and restored wetlands had few or no species in common. 
bata for the seedbank analysis was first summarized by selecting the larger of the two estimates of its 
density from the drawdown and flooded treatments. Statistical analysis of seedbank data indicated no 
significant differences in density of species at different elevations. Subsequent analyses were done with 
pooled data. Wilcoxon rank sum tests were used to test if of the total number of seeds germinated and the 
total number of species differed in the natural and restored wetlands. All tests of significance were done at 
p=0.05 (Hollander and Wolfe, 1973). Seed densities are expressed as the number of seeds per m^ in a layer of 
soil 5 cm thick. 
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RESULTS 
Water Regime 
Differences between minimum and maximum water levels from April to October, 1991 was a mean of 
0.39 m for both restored and natural wetlands (Table 2). The mean percent of a basin exposed by seasonal 
drawdown was similar, 56% for restored basins and 45% for natural basins. This percentage was quite 
variable, with a minimum of 5% and maximum of 83%. 
Table 2. The maximum depth of drawdown between April and October 1991 and proportion of basin exposed 
and area exposed. None of the three parameters differs significantly between restored and natural 
wetlands (t-test, p > 0.05). 
Water Level Proportion of Basin 
Drop (m) Exposed Area Exposed (m^) 
Restored Natural Restored Natural Restored Natural 
Mean 0.39 0.39 0.56 0.45 12909 8721 
Standard Deviation 0.22 0.27 0.22 0.25 12437 7650 
Minimum 0.17 0.04 0.20 0.05 3359 557 
Maximum 0.88 0.76 0,83 0.78 42610 19444 
Flora 
î^atural wetlands had a mean of 45.8 species per basin; restored wetlands had a mean number of 26.9 
species per basin (Table 3). The vegetation of natural wetlands had significantly more wet prairie, sedge 
meadow, shallow emergent, and floating annual species than did restored wetlands. A greater diversity of 
submersed aquatics was found in restored wetlands than natural wetlands (p=0.002). The mean number of 
species was comparable for deep emergent perennials, mudflat annuals, and woody plants. 
Nearly one-half (45.3%) of the 106 wetland species observed were only found in natural wetlands 
(Table 4). Of these 48 found only in natural wetlands, 16 were wet prairie perennials (33.3%), 22 were sedge 
meadow species (45.8%), six were shallow emergent species (12.5%), and one each were deep emergent, 
submersed aquatic, floating annuals and mudflat annuals (2.1% each). Ten species (9.4%) were found only in 
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Table 3. Species richness in restored and natural wetlands. Significance of p<0.05 using a Wilcoxon Rank 
Sum Test indicated with *. 
Restored Wetlands 
(number of species) 
Natural Wetlands 
(number of species) 
Plant Guild Mean Range Mean Range 
* All Species 26.9 17-38 45.8 32-56 
* Wet Prairie Perennials 1.1 0-2 6.0 1-12 
* Sedge Meadow Perennials 4.8 0-11 16.9 10-25 
* Shallow Emergent 5.0 2-7 12.1 8-14 
Perennials 
Deep'Emergent Perennials 2.3 1-4 2.4 1-3 
* Submersed Aquatics 5.8 2-9 1.2 0-3 
* Floating Annuals 2.2 0-5 3.6 0-5 
Mudflat Annuals 4.6 2-9 2.8 0-8 
Woody Plants 1.1 0-3 0.8 0-2 
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Table 4. Vegetation composition of restored and natural wetlands. Abundance is sum of maximun cover 
scores for a species in all basins. 
Restored Basins Natural Basins 
Species' No. of Basins Abundance No. of Basins Abundance 
Wet Prairie Perennials 
Agropyron repens 5 8 5 6 
Erigeron philadelphicus 5 5 6 6 
Panicum virgatum (planted) 4 20 0 0 
Helianthus grosseseratus 1 1 5 9 
Allium canadense 0 0 2 2 
Anemone canadensis 0 0 2 2 
Hypoxis hirsuta 0 0 2 2 
Pycnanthemum virginianum 0 0 2 2 
Silphium perfoliatum 0 0 2 2 
Veronicastrum virginicum 0 0 2 2 
Zigadenus elegans 0 0 2 2 
Andropogon gerardii 0 0 3 3 
Desmodium condense 0 0 3 3 
Galium aparine 0 0 3 3 
Rosa sp. 0 0 4 4 
Zizea aurea 0 0 4 5 
Solidago canadensis 0 0 6 6 
Thalictrum dasycarpum 0 0 6 6 
Phlox pilosa 0 0 7 7 
Poa pratensis 0 0 7 16 
Sedge Meadow Perennials 
Cyperus esculentus 7 7 0 0 
Juncus dudleyi 6 9 4 5 
Rumex crispus 5 6 7 7 
Verbena hastata 5 5 5 5 
Cirsium arvense 4 4 10 14 
Leersia otyzoides 4 8 3 5 
Carex vulpinoidea 3 4 5 5 
Juncus torreyi 3 5 1 1 
Mimulus ringens 2 2 4 4 
Scirpus atrovirens 2 3 8 9 
Apocynum cannabinum 1 1 2 2 
Eleocharis erythropoda 1 1 2 2 
Eupatorium perfoliatum 1 1 3 3 
Carex scoparia 0 0 1 2 
Polygonum hydropiper 0 0 1 3 
Lathyrus palustris 0 0 1 1 
Lycopus unijlorus 0 0 I 1 
Carex striata 0 0 2 3 
Equisetum hyemale 0 0 2 2 
Lythrum alatum 0 0 2 2 
Polygonum persicaria 0 0 2 2 
Scutellaria lateriflora 0 0 2 2 
Caltha palustris 0 0 3 3 
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Table 4. cont. 
Restored Basins Natural Basins 
Species No. of Basins Abundance No. of Basins Abundance 
Spartim pectinata 0 0 3 3 
Poa palustris 0 0 3 3 
Cicuta maculata 0 0 4 4 
Lycopus americams 0 0 4 4 
Scutellaria galericulata 0 0 4 4 
Urtica dioica 0 0 5 7 
Mentha arvensis 0 0 6 7 
Lysimachia thyrsiflora 0 0 7 7 
Ascleplas incarnata 0 0 8 9 
Calamagrostis canadensis 0 0 8 14 
Carex lanuginosa 0 0 9 19 
Stachys palustris 0 0 10 14 
Shallow Emergent Perennials 
Polygonum amphibium 10 10 10 18 
Scirpus fluviatilis 9 20 10 37 
Alisma triviale 6 7 7 10 
Sagittaria latifolia 6 7 9 14 
Phalaris arundinacea 5 8 8 26 
Eleocharis macrostachya 4 6 8 11 
Sparganium eurycarpum 4 11 9 31 
Stum suave 2 2 8 9 
Eleocharis smallii 1 1 2 3 
Beckmannia syzigachne 1 3 2 4 
Typha latifolia 1 2 4 4 
Acorus calamus 0 0 I 3 
Scolochloa festucacea 0 0 1 1 
Carex lacustris 0 0 7 24 
Glyceria grandis 0 0 7 19 
Iris virginica 0 0 8 8 
Carex atherodes 0 0 9 20 
Deep Emergent Perennials 
Scirpus validus 10 17 7 10 
Typha glauca/angustifolia 8 22 9 28 
Scirpus acutus 2 3 6 11 
Phragmites communis 0 0 4 10 
Submersed Aquatics 
Potamogeton foliosus 10 32 4 7 
Potamogeton nodosus 9 12 0 0 
Potamogeton pectinatus 8 13 3 4 
Ceratophyllum demersum 7 13 0 0 
Potamogeton zosteriformsi 7 8 0 0 
Utricularia vulgaris 7 16 4 14 
Najas jlexilis 4 8 0 0 
Potamogeton pusillus 4 7 0 0 
Myriophyllum exalbescens 3 4 0 0 
Ranunculus Jlabellaris 0 0 2 2 
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Table 4. cont. 
Restored Basins Natural Basins 
Species No. of Basins Abundance No. of Basins Abundance 
Floating Annuals 
Lenma minor 9 18 9 21 
Lemna trisulca 7 13 9 22 
Spirodela polyrhiza 2 2 5 6 
Ricciocarpus natans 1 1 7 10 
Riccia fluitans 0 0 6 11 
Mudflat Annuals 
Xanthium strumarium 3 4 0 0 
Amaranthus rudis 7 13 0 0 
Eleocharis acicularis 4 4 2 2 
Echindchloa sp. 4 4 2 2 
Bidens cernua 8 32 0 0 
Chenopodium album 2 4 1 1 
Hordeum jubatum 2 4 3 3 
Rorippa palustris 3 3 2 2 
Polygonum pensylanicum 5 5 5 5 
Polygonum lapathifolium 5 8 2 2 
Penthorum sedoides 0 0 1 1 
Woody Plants 
Salix exigua 5 5 7 12 
Acer negundo 4 4 5 5 
Salix amygdaloides 4 4 9 22 
Populus deltoides 3 5 1 1 
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restored wetlands. Cypents esculentus, an introduced perennial, and an improved strain of Panicum virgatum 
planted to limit soil erosion were two of these species. Two mudflat annuals, Xanthium stnmarium and 
Amaranthus nidis were only seen in restored wetlands. The remaining six species were all submersed aquatics. 
Vegetation Composition 
Only Cyperus esculentus, Leersia oryzoides and Cirsium arvense were common wet prairie/sedge 
meadow species in both restored and natural wetlands of wet meadow (Figure 2). Cyperus esculentus was 
present in restored but not in natural wetlands. Although this species is a peretuiial, it was more common on 
mudlfats than in densely vegetated areas (Galatowitsch, field observations). Sium suave, Glyceria grandis. 
Iris virginica, Carex atherodes, Carex lacustris, and Phragmites communis were common emergent species of 
natural but not of restored wetlands (Figure 3). Phalaris anmdinacea was considerably more widespread and 
abundant' in natural wetlands than in restored wetlands, as was Polygonum amphibium. Although the mean 
number of mudflat annuals did not differ between natural and restored wetlands, mudflat annuals were 
considerably more abundant in shallow areas of restored wetlands than of natural wetlands. Bidens cemua, 
Amaranthus rudis, and Echinochloa spp. were abundant in most restored wetlands (Figure 4). Bidens cemua 
and Polygonum pensylvanicum were found in natural wetlands, but were not common. For submersed 
aquatics, Potamogeton pectinatus and Potamogeton nodosus were only common in restored wetlands; 
Potamogeton foliosus and Ceratophyllum demersum were only sporadic in natural wetlands (Figure 5). 
Potamogeton pectinatus, Potamogeton foliosus, and Ceratophyllum demersum together approached 100% 
cover in deep (0.6 m) areas in restored marshes. Utricularia vulgaris was common in both restored and natural 
wetlands! This species tended to occur over a larger portion of the basins, often in the understory of emergent 
vegetation. Spirodela polyrhiza, Ricciocarpus natans, and Riccia fluitans were more common in the 
vegetation of natural wetlands. Lemna minor was present at high cover in restored and natural wetlands. 
Lemna trisulca was found in the plots of somewhat fewer basins than Lemna minor but with high cover, as 
well. 
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Figure 2. Frequency and abundance of wet prairie and sedge meadow plants in vegetation plots of restored and natural wetlands. Species found in 
more than two basins are shown. Abundance is the sum of cover class scores. 
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Figure 3. Frequency and abundance of shallow emergent and deep emergent species in vegetation plots of restored and natural wetlands. Species 
found in more than two basins are shown. Abundance is the sum of cover class scores. 
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Figure 4. Frequency and abundance of mudflat annuals in vegetation plots of restored and natural wetlands. Species found in more than two basins 
are shown. Abundance is the sum of cover class scores. 
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Figure 5. Frequency and abundance of submersed aquatics and floating annuals in vegetation plots of restored and natural wetlands. Species found 
in more than two basins are shown. Abundance is the sum of cover class scores. 
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Vegetation Comparison by Elevation 
The vegetation of restored wetlands at the 0 m elevation includes, in order of importance based on 
frequency and abundance: Bidens cemua, Lemna minor, Echinochloa spp., Amaranthus rudis, Sparganium 
eurycarpum and Leersia oryzoides (Figures 2-5). Four of these six species are annuals. In contrast, the 0 m 
elevation of natural wetlands was dominated exclusively by perennials: Phalaris arundinacea, Carex 
lacustris, Carex lanuginosa, Solidago canadensis, Stachys palustris, and Typha glauca. At 0.15 m, Lemna 
minor, Scirpus Jluviatilis, Bidens cemua, Potamogeton foliosus, and Ceraophyllum demersum predominated 
in restored wetlands. In natural marshes, at the same elevation, Scirpus Jluviatilis, Polygonum amphibium, 
Phalaris arundinacea, Lemna minor, Stachys palustris, Carex lacustris and Lysmachia thyrsiflora were most 
common. Similar to the 0.15 m elevation, Scirpus Jluviatilis and Lemna minor were dominants of both restored 
and natural wetlands at 0.30 m. In addition, Lemna trisulca, Utricularia vulgaris and Typha glauca were 
common to both at this elevation. Sagittaria latifolia, Potamogeton foliosus, and Ceratophyllum demersum 
were other abundant species at this elevation. In natural wetlands, other dominant species included 
Sparganium eurycarpum. Polygonum amphibium, Phalaris arundinacea, Stachys palustris, Lysmachia 
thyrsiflora, Riccia fluitans, and Spriodela polyrhiza. At 0.6 m, natural wetlands were dominated primarily by 
emergents, Scirpus fluviatilis, Sparganium eurycarpum, and Typha glauca, along with Utricularia vulgaris 
and Lemna trisulca. In contrast, restored wetlands were dominated by submersed aquatics at this elevation, 
Potamogeton foliosus, Potamogeton pectinatus, Utricularia vulgaris and Ceratophyllum demersum together 
with Lemna trisulca and Typha glauca. 
Shoot Densities 
Polygonum amphibium had significantly higher mean stem densities at all sampled elevations in 
natural wetlands (p=0.02 to p=0.01) (Table 5). Phalaris arundinacea had higher stem densities at 0 m 
(p=0.005) and 0.15 m (p=0.001) in natural wetlands. Stem densities for Alisma triviale were similar in natural 
and restored wetlands across all elevations. Sagittaria latifolia (p=0.045) and Sparganium eurycarpum 
Table 5. Stem densities of emergent vegetation from ten restored and ten natural wetlands. Significant difierences are indicated for Wilcoxon Rank 
sum test (p< 0.11). 
Mean number of stems ( per m^) at various elevations 
(range of per plot mean densities) 
(p values) 
Depth (m): 0 0.15 0.30 0.60 
Wetland Type: Restored Natural Restored Natural Restored Natural Restored Natural 
Scirpus validus/Scirpus acutus 
5.9 0 
(0-46) (-) 
p = 0.109 
4.7 0 
(0-20.3) (-) 
p = 0.109 
2.3 0.8 
(0-17.8) (0-5.8) 
n.s. 
1.3 3.8 
(0-11) (0-21.5) 
n.s. 
Alisma triviale 
1.2 0.6 
(0-7.3) (0-3.5) 
n.s. 
0.7 2.1 
(0-7.3) (0-13) 
n.s. 
0.6 1.9 
(0-5.8) (0-7.8) 
p = 0.095 
0 0.8 
(-) (0-3.3) 
n.s. 
Typha glauca/ Typha angustifolia 
0.1 1.5 
(0-0.8) (0-9) 
n.s. 
0.9 5.7 
(0-5) (0-29) 
n.s. 
0.9 7.2 
(0-4) (0-51.8) 
n.s. 
1.7 2.1 
(0-12) (0-12.8) 
n.s. 
Sagittaria latifoHa 
0 0.4 
(-) (0-4) 
n.s. 
0.9 0.6 
(0-7.8) (0-5.8) 
n.s. 
0.03 1.2 
(0-0.3) (0-4.3) 
p = 0.045 
1.2 0.4 
(0-11) (0-0.8) 
n.s. 
Sparganium eurycarpum 
2.9 0.6 
(0-29.3) (0-5) 
n.s. 
1.9 5.3 
(0-13.5) (0-23.3) 
n.s. 
0.1 9.9 
(0-1) (0-32.3) 
p = 0.002 
1.2 5.8 
(0-10.5) (0-22.3) 
n.s. 
Scirpus fluviatilis 
0.1 4.9 
(0-0.5) (0-27.3) 
n.s. 
9.3 11.9 
(0-44) (0-39.3) 
n.s. 
10.4 22.6 
(0-36.8) (2.8-51) 
p = 0.026 
1.8 11.2 
(0-8.5) (7-27.8) 
p = 0.006 
Polygonum amphibium 0 4.9 
(-) (0-11.5) 
p = O.OOl 
1.2 8.5 
(0-10) (0-20.8) 
p = 0.001 
0.7 4.5 
(0-7) (0-15.8) 
p = 0.001 
0.1 0.6 
(0-0.8) (0-3.8) 
p = 0.018 
Phalaris arundinacea 0 82.5 
(-) (0-274) 
p = 0.005 
0.6 99.2 
(0-5.5) (0-400) 
p = 0.001 
0 14.8 
(-) (0-62.5) 
p = 0.109 
0 2.8 
(-) (0-16.3) 
n.s. 
103 
(p=0.002) both had higher mean stem densities at 0.3 m in natural wetlands. Likewise, natural wetlands had 
higher mean stem densities of Scirpus JIuviatilis at 0.3 m. (p=0.026) as well as 0.6 m (p=0.006). For Scirpus 
acutus/validus, restored wetlands had a mean stem density of 5.85 stems/m^ at the zero meter elevation and 
4.7 stems/m^ whereas these species did not occur at this elevation in natural wetlands (p=0.109). 
Seedbanks 
Natural wetlands had a mean of 15 species germinating from the seedbank; restored wetlands had 8 
species (Table 6). The seedbanks of natural wetlands also had higher germinating seed densities than restored 
wetlands: natural wetlands had a mean seed density of 7368.7 seeds/m^ while restored wetlands had a mean 
seed germination density of 3018.7 seeds/m^ 
Table 6. Seed bank density (per m^) and diversity in restored and natural wetlands. 
Number of Species Seed Density 
Mean Range Mean Range 
Restored Wetlands 8 3-10 3018.7 500.0 
-5875.0 
Natural WeUands 15 11-20 7368.7 3312.5-
12562.5 
Significance of Wilcoxon Rank /? = 0.001 /? = 0.003 
Sum Test 
Leersia oryzoides was detected from more sites of both restored and natural wetlands than any other 
sedge meadow species (Table 7). Cypenis esculentus, Eleocharis sp., Scirpus atrovirens, Jmcus dudleyi, and 
Jimcus torreyi were evident in the seedbanks of several restored wetlands. These species were also present in 
the vegetation. Nine wet prairie/sedge meadow species were found only in the seedbanks of natural wetlands. 
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Table 7. Seedbank composition of restored and natural wetlands. A mean seed density is estimated from 
basins where each species was detected. 
Restored Basins Natural Basins 
Species No. of Basins Mean Seed 
Density (m^) 
No. of Basins Mean Seed 
Density (m^) 
Leersia oryzoides 6 956.3 10 1181.3 
Eleocharis sp. 2 625.0 4 581.3 
Cyperus esculentus 3 375.0 1 125.0 
Juncus dudleyi 2 156.3 1 62.5 
Juncus torreyi 1 1812.5 1 250.0 
Scirptis atrovirens 1 62.5 1 375.0 
Solidago canadensis 0 0.0 3 62.5 
Asclepias incamata 0 0.0 2 187.5 
Carex sp. 0 0.0 2 187.5 
Eupatorium perfoliatum 0 0.0 2 93.8 
Stachys palustris 0 0.0 2 93.8 
Lycopus americanus 0 0.0 2 93.8 
Cirsium arvense 0 0.0 1 125.0 
Verbena hastata 0 0.0 1 125.0 
Helianthus grosseseratus 0 0.0 1 62.5 
Shallow and Deep Emergent Species 
Typha spp. 8 125.0 10 1293.8 
Scirpus acutus/validus 5 237.5 8 562.5 
Phalaris arundinacea 2 31.3 4 437.5 
Eleocharis macrostachya 1 62.5 9 1187.5 
Scirpus fluviatilis 1 187.5 3 1812.5 
Sparganium eurycarpum 1 125.0 5 125,0 
Alisma triviale 0 0.0 7 543.8 
Sium suave 0 0.0 5 150.0 
Sagittaria latifolia 0 0.0 3 331.3 
Polygonum amphibium 0 0.0 1 62.5 
Submersed and Floating Aquatics 
Ricciocarpus natans 4 356.3 10 1006,3 
Lemna minor 3 206.3 1 937.5 
Potamogeton foliosus 0 0.0 2 62,5 
Riccia Jluitans 0 0.0 1 187,5 
Mudflat Annuals 
Echinochloa muricata/crusgallii 6 425.0 6 137.5 
Amaranthus rudis 6 656.3 7 181.3 
Polygonum pensylvanicum 6 375.0 6 281.3 
Bidens cemua 3 331.3 0 0.0 
Rorippa palustris 3 206.3 5 262.5 
Cyperus aristatus 3 206.3 1 62.5 
Polygonum lapathifolium 2 343.8 6 331.3 
Eleocharis acicularis 2 125.0 4 468.8 
Penthorum sedoides 0 0.0 1 125.0 
Ammonia robusta 0 0.0 1 125,0 
Cyperaceae (unknown genera) 2 2062.5 8 1068.8 
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Calamagrostis canadensis, Lysmachia thyrsijlora, and Spartina pectinata were not detected in the seedbank 
assay, although they were widespread in the vegetation of natural wetlands. 
Typha sp. and Scirpus aciitus/validus were common in the seedbanks of both restored and natural 
wetlands (Table 7). Sagittaria latifolia, Alisma triviale, Sium suave and Polygonum amphibium were not 
detected from the seedbanks of restored wetlands. A few seeds of Scirpus fluviatilis and Eleocharis 
macrostachya germinated from sediments of restored wetlands. Phalaris arundincaea was the only shallow 
emergent species found in more than one basin. Iris virginica, Glyceria grandis, Carex lacustris and Carex 
atherodes were not detected in the seedbank although they were common in vegetation plots of natural 
wetlands. Polygonum amphibium was rare in the seedbanks of natural wetlands although it was common in the 
vegetation. No species were found in the seedbank that were not observed in the vegetation. 
Amaranthus rudis. Polygonum lapathifolium. Polygonum pensylvanicum, Ronipa palustris, 
Eleocharis acicularis, and Echincochloa spp. were found in both restored and natural wetland seedbanks 
(Table 6). Bidens cemua, however, was found only in restored wetlands. Ammania robusta and Penthonm 
sedoides were rare occurrences only in seedbanks of natural wetlands. Only two seeds of Potamogeton 
foliosus germinated from the sediment of two restored basins in the seedbank study though Potamogeton plants 
were frequently found in fruit (Galatowitsch, field observations). Ricciocarpus natans was most frequently 
detected in restored and natural wetlands, although it was not common in vegetation plots. Riccia Jluitans was 
found in the seedbank of one natural wetland. Lemna minor was detected in three restored basins and one 
natural basin. 
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DISCUSSION 
The vegetation of the recently restored wetlands in this study differed from the natural wetlands in 
several important ways. First, submersed aquatics were more diverse and abundant in restored wetlands than 
in natural wetlands. Second, the margins of the restored wetlands lacked the sedge meadow zone present in the 
natural wetlands. Mudflat annuals occupied this area in restored wetlands. However, some emergent 
perennials, including Sparganium eurycarpum and Leersia oryzoides, occupied the shallow perimeter of 
restored wetlands as well. Submersed aquatics and sedge meadow species were poorly represented in the 
species detected in the seedbanks of both restored and natural wetlands. So, it is unclear whether poor 
representation of submersed aquatics in natural wetlands and sedge meadow perennials in restored wetlands is 
due to the lack of propagules in the seedbank or unfavorable conditions for establishment. Past studies have 
indicated that seeds of these types are uncommon in prairie wetland seedbanks(van der Valk and Davis, 1979; 
Wienhold and van der Valk, 1989). 
Emergent vegetation present in the restored wetlands was comparable to that of natural wetlands, 
although the diversity of shallow emergent species is lower in restored wetlands. The presence of emergent 
plants is what led LaGrange and Dinsmore (1989) to conclude restored wetlands readily revegetate. They 
observed Polygonum sp., Scirpus sp., Typha sp., Leersia sp., and Alisma sp., as well as Ceratophyllum sp. 
and Lenmasp, from restored marshes in Iowa. Similarly, Sewell and Higgins (1991 ) reported 7>/;//a5p, 
Polygonum amphibium, Phalaris anmdincea, Scirpus fluviatilis, and Alisma triviale in more than 10% of one 
to three year old restored marshes in Minnesota and South Dakota. They also reported Lemna trisidca, Lemna 
minor, and Utricularia vulgaris in more than ten percent of these recently restored wetlands. All of the species 
reported in these past two studies were found in the restored wetlands we studied, as well. However, Sewell 
and Higgins (1991) also reported several wet meadow species in recently restored wetlands: Carex spp. and 
Beckmannia syzigachne. These species were only found in natural wetlands in our study. The presence of 
these species in Minnesota and South Dakota restorations and not in Iowa restorations may reflect land use 
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differences. Although Sewell and Higgins do not report past land use and drainage, wetland restorations in 
partially drained pastures or ditch-drained cropland are more common than restorations of tiled cropland in 
central Minnesota and South Dakota (Galatowitsch, unpublished data). In contrast, restorations of tile-drained 
basins are typical in Iowa. Pastures and ditch-drained cropland would have been more likely to have persistent 
wet areas than would tile-drained cropland. So, the proportion of restorations that retained marginal 
populations of wetland vegetation may be greater in central Minnesota and South Dakota than in northern 
Iowa. 
Low Diversity and Abundance of Submersed Aquatics in Natural Wetlands 
Submersed aquatics were important across a greater elevational range in restored wetlands. The 
reduced abundance and distribution of submersed aquatics within basins may be the result of differences in 
emergent vegetation. Stem densities of Polygonum amphibium, Scirpus Jluviatilis, Sparganium eurycarpum, 
and Sagittaria latifolia were significantly greater in natural wetlands across a variety of elevations from 0 m to 
0.6 m. Restored wetlands only had somewhat greater stem densities of Scirpus acutus/validus at the high water 
line (0 m), not in suitable habitat for most submersed aquatics. Shading by an emergent canopy may preclude 
many submersed aquatics, such as Potamogeton spp., that are typical of open water. Few submersed aquatics, 
notably Utricularia vulgaris, were regularly observed within dense stands of emergent vegetation. As 
emergent vegetation becomes more dense in restored wetlands, submersed aquatics will likely have a more 
restricted distribution, similar to natural wetlands. 
Restored wetlands had a mean number of submersed aquatic species of 5.8, whereas natural wetlands 
had a mean of 1.2 species. Why is species diversity of submersed aquatics less in natural wetlands than 
restored wetlands? Even in open water zones of natural wetlands supporting Potamogeton pectinatus and 
Potamogeton foliosus, several species including Potamogeton nodosus, Potamogeton pusillus, and 
Potamogeton zosteri/ormis, were not found. Both restored and natural wetlands in this study should have 
common sources of wetland propagules because each restored wetland was paired with a nearby wetland. 
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Potainogeton pectimtus and Potarnogeton foliosus are much more abundant than the other Potamogeton 
species in restored wetlands. Perhaps common submersed aquatics are more tolerant of a variety of 
environmental conditions, such as competition from emergent vegetation, than are uncommon species. Or 
perhaps the establishment of propagules less commonly dispersed is more likely in restored wetlands. 
Recently restored wetlands lack the litter layer present in natural wetlands (Galatowitsch, field observations). 
Presence of a litter layer may reduce germination of submersed aquatics, along with other species (van der 
Valk, 1986). Since seeds of Potamogeton sp. die if dried even a short period of time (2 months), seedbanks 
will not survive through periodic drawdowns (Muenscher, 1936). Frequently dispersed seeds would be most 
likely to reach small patches of suitable habitat (low litter sites) within natural wetlands and establish. Without 
an impeding litter layer, the likelihood of successful establishment from dispersed seeds may be greater, 
improving the chances for more species to be represented. 
Lack of Sedge Meadow Revegetation in Restored Wetlands 
Few sedge meadow species showed an ability to recolonize naturally. Only six species were 
commonly found in restored wetlands, and only three of these were native sedge meadow species; Juncus 
ditdleyi, Leersia oryzoides, and Verbena hastata. Sedge meadow species that are the dominants in natural 
wetlands, including Carex lanuginosa, Stachys palustris, and Spartina pectinata did not occur in any of the 
restored wetlands. The existence of a remnant seedbank of Carex in drained wetlands is not as likely as for 
other species known to have high seed production, such as Typha spp. and Scirpus spp. Wienhold and van der 
Valk (1989) reported that propagules of sedge meadow species persisted only 14 years in the seed bank. The 
seasonal drawdown of prairie potholes exposes the sedge meadow zone. So, unlike the deep emergent zone 
which experiences sediment exposure every 5-30 years during periodic droughts, the disturbance regime of 
sedge meadows is seasonal. Persistent seed banks are common in communities with severe, unpredictable 
disturbances rather than seasonal or small-scale disturbances (Leek, 1989; Thompson, 1992). 
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Since remnant seedbanks will not likely be important for recolonization of sedge meadow species of 
restored Wetlands, the rate and magnitude of dispersal of propagules may determine how quickly these species 
will re-establish. Carex communities are known to persist primarily by vegetative growth and have very low 
annual seed production (van der Valk and Davis, 1979). Low seed production in Carex also reduces the 
availability of propagules for dispersal. Therefore the probability of restored wetlands acquiring many 
common sedge meadow species in the near feature seems low unless they have populations that withstood 
drainage and cultivation (for instance along ditch lines or in wet spots). Basins with great lag times to 
colonization may have a high probability of invasion by fast-growing species, such as Phalaris anmdinacea or 
Leersia oryzoides, which could pre-empt the largely unoccupied habitat. 
The Extent of Revegetation 
Although the flora, vegetation composition, and seedbanks of restored and natural marshes are 
markedly different, a comparison of our data with that of drained wetlands reported by Wienhold and van der 
Valk (1989) suggests restored wetlands are beginning to accumulate a persistent wetland seedbank. The three-
year old restored marshes in this study have seedbank species richness, seed density, and vegetation species 
richness intermediate between drained and natural wetlands. Wienhold and van der Valk (1989) found a mean 
of 12 species for undrained wetlands; the natural wetlands in this study had a similar mean species richness of 
15 species. Wetlands drained for 70 years in the region were shown to have a mean species richness of 2 
species; however, those basins drained for 10 and 20 years had a mean richness of approximately 5 species 
from the seedbank alone. In contrast, the restored wetlands of this study, which were drained 20-70 years 
before restoration have a mean richness of 8 species in the seedbank. 
Likewise the seed density is higher in the restored wetlands that we studied than reported for drained 
wetlands. Wienhold and van der Valk (1989) found a mean total seed density of3600 seeds/m^ for natural 
wetlands! Wetlands drained 70 years ago had 160 seeds/m^ and those drained 10 years ago had a mean of 
1400 seeds/m^. Natural wetlands in this study had a mean density of 7368.7 seeds/m^ and restored wetlands 
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a density of 3018.7 seeds/m^. van der Valk and Davis (1976) observed a range of 696-9048 seeds/m^ in the 
seedbanks of eight prairie marshes in northern Iowa. However, seed densities for Eagle Lake Marsh were 
found to have a mean of 29,753 and 110,000 seeds/m2 (van der Valk, 1978; van der Valk and Davis,1979). 
Natural wetlands in this study had a mean of 45.8 species in the vegetation and those studied by 
Wienhold and van der Valk (1989) had a mean of 32 species. Wetlands drained for 10 to 40 years had a mean 
of 9 to 15 species. The restored wetlands in this study had a mean of 26.9 species. Those species most rapidly 
revegetating include species that have been the most common in past seedbank studies of freshwater marshes: 
mudflat annuals and Typha spp., Leersia oryzoides, Scirpus validus (Leek, 1989). Abundance of species in 
seedbank studies likely reflects the amount of seed production typical of these species and their capacity to 
readily germinate. If seeds of these species were no longer present in the remnant seedbanks at the time of 
restoration, high seed production would increase chances for dispersal. Those seeds reaching the site and those 
in the seedbank apparently readily regenerate. In contrast, those species with less dispersal or regenerative 
capacity, such as Carex spp. may require active planting. 
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GENERAL SUMMARY 
Restored wetlands are assumed to be colonized by the same plants and animals and to perform the functions of 
natural wetlands, such as reduction of pollutants. The purpose of this dissertation is to evaluate recent prairie 
wetland restorations to see if they are comparable to natural wetlands and to provide guidelines for site 
selection, design, and performance of future restorations. Detailed studies were made of the revegetation and 
water regime of 62 wetlands restored in 1988. Wetlands were evaluated to see if they have the potential to: 
(1) improve water quality, based on watershed land use, basin morphometry, and emergent vegetation 
development, and (2) provide wildlife habitat, based on landscape pattern, water regime, and vegetation 
composition. Most restorations are small (less than 4 ha) and are restored to be seasonal or semipermanent 
wetlands. Few restored wetlands (16.1%) seem to receive high loadings of agricultural pollutants because 
watersheds of most restored wetlands are more than one-half permanent cover. Wetlands restored by 
removing drainage tile (17.5%) that receive high loadings of nutrients may not improve water quality because 
residence time is too short. Inlets and outlets in these wetlands are typically adjacent to each other. The 
vegetation compositions of wetlands flooded for one, two and three years were compared to enviromental and 
historical factors for the 62 wetlands. Mantel tests were used to determine if either factor accounted for 
vegetation differences among sites. The vegetation recolonizing restored wetlands within one year of flooding 
was found to be affected by past land use. A TWINSPAN ordination of these sites showed that wetlands 
drained by ditches or ineffectively drained by tile are recolonized by shallow emergent species that likely 
survived drainage as réfugiai populations. Tiled wetlands were initially colonized by mudflat annuals and 
submersed aquatics. Wet prairie and sedge meadow species were generally not found. A study of ten restored 
wetlands flooded for three years and ten natural wetlands showed that the mean number of species in the flora 
of natural wetlands and restored wetlands was 45.8 and 26.9 species per basin, respectively. Seedbanks of 
natural wetlands were also more diverse than those of restored wetlands with a mean of 15 species for natural 
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wetlands and 8 species for restored wetlands. Thirty-seven wet prairie and sedge meadow species of natural 
wetlands (including typical dominants) were not found in restored wetlands. 
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APPENDIX A. Locations of study sites. Project name is used by agencies to identify restoration property. All restorations were constructed in 1988. 
Site No. Size (ha) State Counfy Legal Description Agency Project Name Survey Study Comparison Stutfy 
IA015 1.0 lA Palo Alto T97N R34W SI NE41^4 lADNR Grein X 
IA015 2.1 lA Palo Alto T97N R34W S3 NE4 SE4 lADNR Seimers X X 
IA016N 1.2 SD Palo Alto T96N R33W S31 SW4 X X (Natural) 
IA017 1.2 lA Palo Alto T97N R34W S3 SE4 SE4 lADNR Seimers X X 
IA017N 1.4 lA Palo Alto T96N R33W S31 SW4 X (Natural) 
IA023 1.1 lA Palo Alto T97NJR34W S4 NW4 SW4 lADNR Carlson X 
1A024 0.3 lA Palo Alto T97N R34W S4 SW4 SW4 lADNR Carlson X 
IA027 2.4 lA Palo Alto T97N R33W S31 SW4 NE4 lADNR Appel X X 
IA027N 1.4 lA Palo Alto T97N R34W S23 C X (Natural) 
IA031 1.0 lA Kossuth TIOON R30W S16 SW4 NW4 USFWS Newlin X» 
IA034 0.4 lA Kossuth T99NR27WS18N2NE4 USFWS Poppe X 
IA035 0.8 lA Kossuth T97N R27W S18 NE4 NW4 USFWS Thoreson X 
IA041 1.2 lA Kossuth T97N R30W S26 SE4 SW4 USFWS Radig X 
IA050 0.3 lA Kossuth T98N R28W S35 NE4 NE4 USFWS X 
IA052 1.0 lA Kossuth T98N R28W SI I NE4 NW4 USFWS Schwob X 
IA053 0.2 lA Kossuth T97N R28W S9 NE4 SE4 USFWS X 
IA067 1.3 lA Emmet T98N R34W S23 S2 SW4 lADNR Richard X 
IA071 0.8 lA Emmet T98N R34W S35 SE4 SW4 lADNR Petersen X 
IA085 2.8 lA Wright T93NR24W S8CNW4 lADNR Hanson X 
IA092 0.8 lA Cerro Gordo T95N R21W S19 SE4 NE4 lADNR Barlow X X 
IA092N 3.1 lA Cerro Gordo T97N R22W S19 SW4 X (Natural) 
IA096 0.6 lA Wright T93N R24W S32 SW4 SE4 lADNR Pals X* 
IA097 6.8 lA Wright T93N R24W S29 SE4.SW4 lADNR Lonnevik X X 
IA097N 6.0 lA Cerro Gordo T95N R21W S23 SE4 X (Natural) 
IA105 1.2 lA Cerro Gordo T97N R22W S7 SW4 NE4 lA DNR Pederson X 
lAllO 1.3 lA Worth TIOON R22W S19 NW4 NW4 lADNR Haugsdal X 
lAlll 0.9 lA Worth TIOON R22W S19 SW4 NW4 lA DNR Haugsdal X 
IA116 10.9 lA Winnebago T99N R23W S14 SW4 lADNR Kingland/Young X 
IA117 0.7 lA Winnebago T99N R23WS14SW4 lADNR Kingland/Young X 
1A119 6.4 lA Winnebago T98N R23W S33 NE4 SE4 lA DNR Korth X 
IAI25 0.8 lA Winnebago T98N R23W S21 SE4 SE4 lA DNR Charlson X X 
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IA125N 1.8 sp Winnebago TIOON R24W S20 SW4 
IAI27 0.8 lA Winnd)ago T98N R23W S29 NW4 SW4 
IA129 4.5 lA Winnebago T98N R23W S20 SE4 
IA130 0.2 lA Winnebago T98N R23W S17 NE4 NW4 
IA133 5.5 lA Winnebago T98N R23W SI7 NW4 NW4 
IA135 8.8 lA Winnebago T98NA23W S17 SE4 NW4 
IA138 1.1 lA Winnebago TIOON R35W S28 NE4 SW4 
IA140 2.6 lA Dickinson T99N R36W S24 NW4 NW4 
IA142 1.7 lA Dickinson T99N R37W SI SE4 SE4 
1A145 4.4 lA Dickinson TIOON R37W S13 84 SW4 
IA146 2.8 lA Dickinson TIOON R37W S13 SW4 SW4 
IAI47 0.4 lA Dickinson TIOON R37W S13 NW4 SW4 
IA148 3.0 lA Dickinson TIOON R37W S13 N2 SW4 
IA148N 2.5 lA Dickinson TIOON R37W S12 SE4 
IA149 0.5 lA Dickinson TIOON R37W SI3 C SW4 
IA149N 1.2 lA Dickinson TIOON R36W S18 NE4 
IA150 2.5 lA Dickinson TIOON R37W SI3 SE4 SW4 
IA150N 3.2 LA Dickinson TIOON R37WSI2SE4 
1A159 0.3 lA Palo Alto T97N R34W S5 SE4 SW4 
IA160 1.6 lA Emmet T98N R34W S27 NW4 SW4 
IA17I 23.0 lA Palo Alto T99N R34W S8 SE4 
IA172 1.8 lA Palo Alto T97N R32W S28 SW4 SW4 
IA172N 3.0 lA Palo Alto T96N R34W S9 NW4 
MN019 0.2 MN Kandiyohi TI20N R35W SI3 SE4 NW4 
MN054 4.3 MN Kandiyohi TI19N R33W S26 SW4 NW4 
MN076 3.0 MN Kandiyohi TI20N R34W S8 SE4 NE4 
MN167 5.2 MN Kandiyohi T122N R33W SI7 SE4 NW4 
MN169 0.3 MN Kandiyohi Tl I9N R35W S4 SW4 NE4 
MN170 0.5 MN Kandiyohi Tl 19N R35W S4 SW4 NW4 
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lADNR 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X (Natural) 
X 
X (Natural) 
X 
X (Natural) 
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MN176 2.6 MN Kandiyohi T119N R34W S4 NW4 NE4 MBWSR Ivers X 
MN264 2.5 MN Renville T116N R35W S35 SE4 SW4 MBWSR Hennebeny X 
MN265 1.1 MN Renville T115N R34W S34 NE4 SW4 MBWSR Schneider X 
MN267 23.7 MN Redwood THIN R39WS29NE4 MBWSR Tuibes X 
MN268 1.6 MN Sibley TI12N R27W S4 NW4 NW4 MBWSR Lueck X 
SDOOl 8.8 SD Brookings TH1NR52WS33 SE4SE4 USFWS 326 X 
SD002 0.4 SD Brookings Tl I2N R52W S32 SW4 SW4 USFWS 306 X 
SD007 0.5 SD Brookings THON R51W S19 NW4 NW4 USFWS 330 X 
SD008 l.I SD Brookings THON R51W S19 NW4 NW4 USFWS 330 X 
SD017 0.7 SD Brookings TI ION R52W S15 NW4 SE4 USFWS 309 X 
SD024 0.3 SD Brookings TI ION R52W SI6 NE4 NE4 USFWS 309 X 
SD045 0.4 SD Moody T107N R50W S02 SE4 SE4 USFWS 373 X 
SD051 0.5 SD Deuel TH5N R48N S12 NE4 SW4 USFWS 351 X 
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APPENDIX B. LOCATIONS OF WETLAND COMPLEX BLOCKS 
Block County Legal Description (all are in Iowa) 
1 Wright T92NR24W S03,04,05,06.07,08,09,10.15,16,17,18 
T92N R25W 801,02,11,12,13,14 
T93N R24W S19,20,21,22,27,28,29,30,31,32,33,34 
T93NR25W 823,24.25,26,35,36 
2 Kossuth T97NR27W 806,07.18.19 
T97N R28W 801.02,03,04,05,08,09,10,11,12,13,14.15,16,17,20,21,22,23.24 
T98NR27W 830,31 
T98N R28W 825.26,27.28,29,32,33,34,35,36 
3 Dickinson T99N R36W 805,06 
T99NR37W 801,02,03,04 
T100NR36W 807,08,17,18,19,20,29,30,31,32, 
T100NR37W 809,10,11,12,13,14,15,16,21,22,23,24,25,26,27,28,33,34,35,36 
4 Dickinson T99N R34W 803,04.05.06.07.08,09,10,15,16,17,18 
T99NR35W 801,02,11,12,13,14 
TIOON R34W 819,20,21,22,27,28,29,30.31.32,33,34 
T100NR35W 823,24,25.26.35.36 
5 Dickinson T97N R34W SO 1.02.03.04.05.06 
T98NR34W 807.08.09,10,11,12,13.14.15,16,17,18,19,20,21,22,23,24,25,26 
27,28,29.30,31,32,33.34,35,36 
6 Palo Alto T96N R33W S06 
T96N R34W 801,02,03,04,05,10 
T97NR33W 807,18,19,30,31 
T97NR34W 808,09,10,11,12,13,14,15,16,17,20,21,22.23,25,26,27,28,29.32.33.34.35,36 
7 Winnebago T98NR23WA11 Sections (01-36) 
8 Winnebago T99NR22W 806,07,18 
Worth T99NR23W 801,02,03,04,05,08,09,10,11,12,13,14,15,16,17 
TIOON R22W 819,30,31 
TIOON R23W 820,21,22,23,24,25,26,27,28,29,32,33,34,35,36, 
